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As the population lives longer and has improved health, the 
prevalence of various pelvic floor disorders is increasing. 
The term pelvic floor disorders incorporates a broad array 
of inter-related clinical conditions that includes lower uri- 
nary tract dysfunction, pelvic organ prolapse, defecatory 
dysfunction, sexual dysfunction, and a variety of pelvic pain 
disorders. More than half of women experience one or more 
of these disorders for some period in their lives, and one in 
nine will undergo surgery for pelvic floor abnormalities by 
age 80. Economic analyses estimate that the total annual 
direct cost of urinary incontinence in the United States 
alone is more than $20 billion. Beyond the economic costs 
and general health care burden, pelvic floor disorders result 
in significant adverse psychosocial affects and can have a 
profound impact on an individual’s quality of life. Women 
desire and are able to remain active longer and are less inter- 
ested in tolerating the lower quality of life that accompanies 
these conditions. This leads to a greater number of other- 
wise healthy women presenting to their physicians with var- 
ious pelvic floor disorders. It is estimated that the growth 
and demand for services to care for women with pelvic floor 
disorders will increase at twice the rate of growth of the 
population over the next 30 years. 

International interest in diseases of women and older 
persons in general has helped to increase awareness of the 
high prevalence of urinary and fecal incontinence in women. 
Clinical care guidelines were developed by the National 
Institute on Aging and the Office of Medical Applica- 
tion of Research within the National Institutes of Health 
in conjunction with other agencies. This was followed by 
expanded national research funding; the resulting data are 
now frequently being reported in high-quality manuscripts 
published in prestigious journals. The demographics of 
incontinence also have stimulated corporate interest, and 
many new drugs, products, and surgical devices for the eval- 
uation and treatment of pelvic floor disorders have been or 
are being developed. Recent popularity and increased circu- 
lation of journals such as International Urogynecology Jour- 
nal (Springer Publishing), Neurourology and Urodynamics 
(Wiley Publishing), and Female Pelvic Medicine & Recon- 
structive Surgery (Lippincott Williams & Wilkins) under- 
score the heightened level of interest among clinicians and 
researchers. Furthermore, the expanding membership and 
attendance at annual meetings of the American Urogyne- 
cology Society (AUGS); International Continence Society 
(ICS); International Urogynecology Association (IUGA); 
and Society of Urodynamics, Female Pelvic Medicine & 
Urogenital Reconstruction (SUFU) are evidence to this 
specialty’s popularity. 

There continues to be a widespread need for education 
and training in urogynecology and reconstructive pelvic 
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surgery for practicing generalists and residents in obstet- 
rics and gynecology. More physicians with special exper- 
tise in urogynecology and vaginal and laparoscopic surgery 
are needed to meet the increasing patient volume and the 
additional training needs within this specialty. Over the past 
15 years, the specialty of Urogynecology—since renamed 
Female Pelvic Medicine and Reconstructive Surgery—has 
expanded to a fourth subspecialty approved by the American 
Board of Obstetrics and Gynecology and a second subspe- 
cialty approved by the American Board of Urology. Formal 
3-year fellowships (for a gynecologist) and 2-year fellow- 
ships (for a urologist) are now approved by the Accredita- 
tion Council for Graduate Medical Education (ACGME), 
thus conforming with other subspecialties in medicine and 
surgery. This updated textbook is an effort to address the 
educational needs of physicians and advanced care practitio- 
ners interested in female pelvic floor disorders and to serve 
as a core reference text in urogynecology and reconstructive 
pelvic surgery. 

The fourth edition of Urogynecology and Reconstruc- 
tive Pelvic Surgery is a clinically oriented yet comprehen- 
sive textbook addressing our subspecialty. We believe that 
this subject fundamentally encompasses three main topics: 
female urinary incontinence and voiding dysfunction, pel- 
vic organ prolapse, and disorders of defecation. This book 
is separated into nine sections. Chapter 1 reviews historical 
milestones in pelvic surgery and female urology. Chapters 
2 through 8 describe in detail basic principles and subjects 
needed to understand and treat disorders of the lower uri- 
nary tract and pelvic floor. Chapters 9 through 14 outline 
basic and advanced concepts in the evaluation of lower uri- 
nary tract and pelvic floor disorders in women. Chapters 
15 through 28 present management guidelines for women 
with stress urinary incontinence and pelvic organ prolapse. 
Chapters 29 and 30 outline management of complications 
during pelvic surgery, including problems with vaginal mesh. 
Chapters 31 through 34 address disorders of defecation. 
Chapters 35 through 38 address the subjects of overactive 
bladder and painful and irritative voiding disorders, as well 
as their expanding list of innovative treatments. Chapters 
39 through 43 discuss specific conditions and special sub- 
jects that are occasionally encountered by physicians treat- 
ing patients with pelvic floor disorders. Finally, Chapter 44 
reviews important research methods regarding outcome 
analysis and quality-of-life measures in pelvic floor research. 

The fourth edition has been expanded to include most 
topics in the “Guide to Learning in Female Pelvic Medicine 
and Reconstructive Surgery” (2012) jointly sponsored by 
the American Board of Obstetrics and Gynecology and the 
American Board of Urology. New subjects include congeni- 
tal anomalies of the female genital and urinary tracts, pelvic 
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floor and vaginal physiology, sexual function and dysfunc- 
tion, the latest information on the use of biologic and syn- 
thetic prosthesis in urogynecologic and reconstructive pelvic 
surgery, and important concepts on research methods in 
pelvic floor research. Because female pelvic floor disorders 
are best managed in a multidisciplinary fashion, recognized 
authorities in urology, reproductive endocrinology, and 
colorectal surgery have contributed chapters related to their 
particular areas of expertise. Some of the original drawings 


from previous editions are retained, but a large number of 
new color anatomic and surgical drawings were added. 

We hope that this book will meet the training needs of 
residents in obstetrics and gynecology, urology, and other 
specialties and can be used by fellows in Female Pelvic Med- 
icine and Reconstructive Surgery as an important reference 
text. We also hope that practicing OB/GYN generalists, 
urogynecologists, and urologists will find it interesting and 
useful as they strive to take better care of their patients. 
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On the Shoulders of Giants 


From the earliest days of recorded medical history, physi- 
cians struggled with the problems of pelvic organ prolapse 
(Fig. 1.1), urinary incontinence, and vesicovaginal fistula. An 
inadequate understanding of pelvic anatomy plagued practi- 
tioners prior to the nineteenth century. Ignorance of asepsis, 
the absence of anesthesia, faulty suture materials, inad- 
equate instrumentation, and suboptimal exposure delayed 
any consistent success until the mid-nineteenth century. 


FIGURE 1.1 Sixteenth-century woodcut showing examination of 
women with uterine prolapse. (From Stromayr C. Die Handschrift des 
Schnitt-und Augenarzles Caspar Stromayr, Lindau Munscript, 1559.) 


CHAPTER 1 


Historical Milestones 
in Female 
Pelvic Surgery, 
Gynecology, and 
Female Urology 


Anthony P. Tizzano 
Tyler M. Muffly 


Chapter Outline 


On the Shoulders of Giants 
Gynecology in Antiquity 
Medieval Medicine 

The Renaissance 

The Seventeenth Century 
The Eighteenth Century 


The Nineteenth Century Prior to the 
Aseptic Age 


The Mid-Nineteenth Century: The Dawn of 
Aseptic Surgery 


The Twentieth Century: A Specialty Evolves 


The evolution of pelvic surgery from the Hippocratic 
age to the antiseptic period is a fascinating one in which 
original theories occasionally fell from favor only to be 
resurrected and popularized by subsequent generations. 
Equally intriguing is the development of a wide array of 
innovative instrumentation and materials that often paral- 
leled many surgical advances. This chapter is an attempt 
to touch upon the milestones that occurred along the 
way and to pay homage to the pioneers who helped shape 
a specialty and upon whose shoulders we stand. The 
author’s selection of important milestones in our specialty 
up to 1961 is shown in Box 1.1. Note that this chapter 
emphasizes American contributions and milestones that 
influenced contemporary thought, patient care, and surgi- 
cal practices. We are grateful for the works of Dr. Thomas 
Baskett, Dr. James V. Ricci, and, particularly, to Dr. Harold 
Speert, whose extensive research on the subject made this 
chapter possible. 


4 PART 1 History 

Box 1.1 Timeline of Milestones Related to Pelvic Surgery and Female Urology pF 

Second half first century CE Soranus (De Morbis Mulierum) first good description of the human uterus. 

1561 First accurate description of the human oviduct. Observationes Anatomicae by Gabriele Falloppio. 

1672 First accurate account of the female reproductive organs and ovarian follicles (“Graafian follicles”) De mulierum Organis 
Generationi inservientibus by Reinier de Graaf. 

1677 Description of the vulvovaginal glands, “Bartholin glands.” De Ovariis Mulierum by Caspar Bartholin. 

1691 Description of the female inguinal canal. Adenographia by Anton Nuck 

1705 Francois Poupart describes the inguinal ligament and its function. 

1727 Jacques Garengeot modifies a trivalve speculum to better differentiate “vaginal hernias” during pelvic examination. 

1737 Description of the peritoneum and posterior cul-de-sac. A Description of the Peritoneum by James Douglas. 

1759. Description of the embryonic mesonephros or “Wolffian body and duct.” Theoria Generationis by Caspar Friedrich Wolff. 

1774 William Hunter completes his monumental work, Anatomy of the Gravid Uterus, which remains the finest work on uterine 
anatomy to date. 

1801 Joseph Claude Récamier popularizes the use of a tubular vaginal speculum to treat ulcers and infections of the vagina and 
cervix. 

1803 Pieter Camper describes the superficial layer of abdominal fascia. 

1804 Astley Paston Cooper describes the ligamentous covering of the pubis and its condensation above the linea ileopectinea as it 


extends from the pubis outwards. 
1809 Ovariotomy performed by Ephraim McDowell. 


1813 Conrad Johann Martin Langenbeck carries out the first planned and successful vaginal hysterectomy. 

1825 Marie Anne Victoire Boivin devises the bivalve vaginal speculum. 

1836 Charles Pierre Denonvilliers describes the rectovesical fascia. 

1838 John Peter Mettauer uses lead sutures to perform the first surgical correction of vesicovaginal fistula in the United States. 

1849 Anders Adolf Retzius describes prevesical space. 

1852 James Marion Sims describes his knee-chest positioning of patients for vesicovaginal fistula repair. 

1860 Hugh Lenox Hodge details the use of his pessary to correct for uterine displacement. 

1877 Léon Le Fort describes his method of partial colpocleisis as a simple and safe means for treatment of uterine prolapse. 

1877 Max Nitze introduces an electrically illuminated cystoscope. 

1878 T. W. Graves designs a speculum that combines features of both bivalve and Sims specula. 

1879 Alfred Hegar introduces his metal cervical dilator to replace laminaria. 

1888 Archibald Donald and William Fothergill collaborate to develop the Manchester procedure for uterine prolapse. 

1890 Friedrich Trendelenburg describes his technique for positioning patients to facilitate the transvesical approach in the repair of 
vesicovaginal fistula. 

1893 Howard Atwood Kelly devises the air cystoscope for inspection of the bladder and identification and catheterization of the 
ureters. 

1895 Alwin Mackenrodt provides a comprehensive and accurate description of the pelvic connective tissue and correlation with 
pelvic prolapse. 

1898 Ernst Wertheim performs radical hysterectomy for cervical cancer. 

1899 Thomas James Watkins performs his “interposition” operation for treatment of uterine prolapse associated with cystocele. Thus, 


the uterus is brought forth through an anterior colpotomy incision and sutured to the anterior vaginal wall and the cervix 
secured posteriorly. The markedly anteverted uterus essentially pivots on twisted broad ligaments thus producing antagonistic 
forces, because any dropping of the bladder increases the anterior displacement of the uterus and any prolapse of the uterus 
elevates the cystocele. 


1900 David Todd Gilliam describes his method of uterine ventrosuspension whereby he ligated the proximal round ligament and 
attached it to the anterior rectus sheath lateral to the rectus muscle. 

1900 Hermann Johannes Pfannenstiel introduces a transverse incision for laparotomy. 

1901 Alfred Ernest Maylard advocated oblique transection of the rectus muscles to improve exposure. 

1901 John Clarence Webster and John Baldy introduce their suspension technique for correction of uterine retroversion whereby the 


proximal round ligament is brought under an opening made under the utero-ovarian ligament and ultimately secured at just 
above the uterosacral ligament. 


1909 George Reeves White notes that certain cases of cystocele are due to lateral, paravaginal defects and thus could be repaired by 
reconnecting the vagina to the “white line” of the pelvic fascia. 

1910 Max Montgomery Madlener introduces a popular female sterilization technique employing ligation of the tube alone. 

1911 Max Brédel becomes head of the world’s first department of medical illustration at The Johns Hopkins University. 

1912 Alexis Victor Moschcowitz describes the passage of silk sutures around the cul-de-sac of Douglas to prevent prolapse of the 
rectum. 

1913 Howard Atwood Kelly describes the Kelly plication stitch, a horizontal mattress stitch placed at the urethrovesical junction to 
plicate the pubocervical fascia and “reunite the sphincter muscle.” 

1914 Wilhelm Latzko describes a technique for vaginal closure of vesicovaginal fistula following hysterectomy. 

1915 Arnold Sturmdorf introduces his tracheloplasty technique. 

1917 W. Stoeckle is the first to successfully combine a fascial sling and sphincter plication for treatment of urinary stress 


incontinence. 
1929 Ralph Hayward Pomeroy devises a method of female sterilization involving ligation and resection of the tube. 
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Noble Sproat Heaney describes his technique for vaginal hysterectomy using a clamp, needle holder, and retractor of his 
own design. His method for closing the vaginal cuff that incorporates peritoneum, vessels, and ligaments is known as the 


Leonid Sergius Cherney suggests a modified low transverse abdominal incision, whereby the rectus muscle is cut at its very 


Richard W. Te Linde continues the Johns Hopkins legacy in gynecology with the introduction of his text Operative Gynecology. 


1940 
“Heaney stitch.” 
1941 
insertion into the pubis to provide better access to the space of Retzius. 
1941 Raoul Palmer popularizes the use of the laparoscope in gynecology. 
1942 Albert H. Aldridge reports on rectus fascia transplantation as a sling for relief of urinary stress incontinence. 
1946 
1948 Arnold Henry Kegel describes his progressive resistance exercise to promote functional restoration of the pelvic floor and 
perineal muscles. 
1949 Victor Marshall, with Marchetti and Krantz, describes retropubic vesicourethral suspension for stress urinary incontinence. 
1957 Milton L. McCall describes his posterior culdoplasty to prevent or treat enterocele formation at vaginal hysterectomy. 
1961 


Gynecology in Antiquity 


Gynecology in antiquity finds its roots in the Ebers papy- 
rus (1500 BCE) that portrayed the uterus as a wandering 
animal, usually a tortoise, newt, or crocodile, capable of 
movement within its host. Hippocrates perpetuated this 
animalistic concept, stating that the uterus often went 
wild when deprived of male semen. He provided the earli- 
est description of a pessary employing a pomegranate to 
reduce uterine prolapse and used catheters fashioned from 
tin and lead to irrigate and drain the uterus. The seven cells 
doctrine of the Common Era (CE) replaced the animalistic 
concept, depicting the uterine cavity as being divided into 
seven compartments whereby male embryos developed on 
the right, females on the left, and hermaphrodites in the 
center. Similar notions remained popular until the Middle 
Ages. Soranus of Ephesus (98-138 CE) is commonly con- 
sidered the foremost gynecologic authority of antiquity. 
He described the uterus based on human dissection and 
performed hysterectomy for uterine prolapse. His writings 
provided the foundation for gynecologic texts up to the 
seventeenth century. 

The ancients employed instruments fashioned from tin, 
iron, steel, lead, copper, bronze, wood, and horn. Those 
made of iron and steel were likely quite popular, but very 
few survived the oxidation of more than two millennia. 
Gynecologic instruments including forceps, catheters, scal- 
pels, as well as massive bivalve, trivalve, and quadrivalve 
vaginal specula from the first century BCE were unearthed 
at Pompeii. 


Medieval Medicine 


The Dark Ages and Medieval Period (476-1453 CE), from 
the fall of Rome to the Goths to the fall of Constantinople 
to the Turks, is often referred to as the “Age of Faith” or “Era 
of Monastic Medicine” in which confidence in any one indi- 
vidual was replaced by divine trust. As such, Saint Benedict, 
founder of the Benedictine Order, encouraged his monks 
to tend to the sick but forbade any formal study of medi- 
cine. The struggle against leprosy, plagues, and prostitution 
were the focus of the day, and little was added to the fund 
of medical knowledge. Little surgery took place during the 
period, and the majority of physicians were itinerant practi- 
tioners, many of whom were quacks and charlatans. 


John Christopher Burch introduces his method of urethrovaginal fixation for treatment of stress urinary incontinence. 


The Renaissance 


The Renaissance period was marked by the rebirth of indi- 
vidualism and the release from the ban of authority. The rise 
of universities, the printing press, and the subsequent emer- 
gence of self-education elevated medicine to the next level 
and provided for a clearer understanding of female anatomy. 
Leonardo da Vinci (1452-1519), founder of iconographic 
and physiologic anatomy, provided the basis for modern ana- 
tomic illustration. His illustrations of female pelvic anatomy 
provide the earliest accurate descriptions of the fetus in 
utero. Unfortunately, his sketches were seen by only a few 
of his contemporaries and were not published until the end 
of the nineteenth century. 

The first authenticated report of vaginal hysterectomy 
was given by Giacomo Berengario da Capri (1470-1550) 
in 1521. He described two cases: one that he performed in 
1507 and the other performed by his father. Ambrose Paré 
(1510-1590), a renowned military surgeon of the period, 
was the first to introduce vascular ligatures for hemosta- 
sis in place of cautery. However, the use of ligatures was 
not popularized until Sir Joseph Lister (1827-1912) intro- 
duced a longer-lasting aseptic suture in the mid-nineteenth 
century. 

Andreas Vesalius (1514-1564) commissioned Jan Stephan 
van Kalkar to produce the most famous anatomic illustra- 
tions of all time, revolutionizing the science of anatomy and 
the manner in which it was taught. Among the first to suc- 
cessfully challenge the teachings of Galen of Pergamon, he 
asserted that the physician, to learn his art, must perform 
cadaver dissection firsthand. Hence, Vesalius made human 
dissection a viable and respectable profession. His illustra- 
tions provided an accurate description of the entire female 
urogenital tract and its vasculature, depicting for the first 
time the left ovarian vein entering the left renal vein. Dis- 
tinguished pupils of Vesalius include Gabriele Falloppio 
(1523-1562) who provided the earliest accurate descrip- 
tion of the human oviduct and who described the clitoris 
as a vasomuscular structure. Another pupil was Matthaeus 
Realdus Columbus (1484-1559) who is credited with the 
earliest use of the term labia, which he considered essential 
in protecting the uterus from dust, cold, and air. Lastly, his 
student Bartolomeo Eustachio (1520-1574) furnished the 
earliest accurate delineation of the uterine cavity and cervi- 
cal canal. 
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Among the more comprehensive accounts of sixteenth 
century gynecologic surgery is Caspar Stromayr’s Prac- 
tica Copiosa that contains beautifully executed watercolors 
depicting diseases of women. Included are illustrations of 
the examination of uterine prolapse and placement of a pes- 
sary comprising a sponge bound by twine, sealed with wax, 
and dipped in butter (Figs. 1.2 and 1.3). Despite the many 
advances regarding pelvic anatomy during the Renaissance, 
the approach to most gynecologic problems changed very 
little from that which was popular during the classical period. 


The Seventeenth Century 


Throughout the seventeenth century, theories regarding 
physiology, generation, and anatomy were clarified. Rei- 
nier de Graaf (1641-1673) described ovarian follicles and 
uterine fibroids and provided the first accurate account of 
the ovary’s gross morphology, anatomic relations, and func- 
tion. Pelvic surgery and instruments of the period are nicely 
portrayed by the engravings of Johannes Scultetus (1595- 
1645) in his Armamentarium Chururgicum. He was the 
first to employ a series of illustrations to provide a stepwise 
account of surgical procedures (see Fig. 1.4). Included are 
examples of treatment of imperforate hymen, hematocol- 
pos, clitoral hypertrophy, and the use of a T-binder following 
vaginal surgery. 


The Eighteenth Century 


The eighteenth century is best characterized by the con- 
stant conflict that occurred between old and new ideas. As 
such, relatively few advances occurred in medicine while 


FIGURE 1.2 Sixteenth-century woodcut depicting placement of a 
pessary to treat uterine prolapse. (From Stromayr C. Die Handschrift 
des Schnitt-und Augenarzles Caspar Stromayr, Lindau Munscript, 1559.) 


numerous notable contributions were made in the fields of 
natural philosophy including microscopy, physics, and biol- 
ogy. Surgery during the century began to rise above the skills 
of an individual surgeon with the founding of surgical soci- 
eties and the publishing of various medical journals. Phy- 
sicians, however, remained under close public scrutiny at 
the hands of popular medical caricaturists such as Thomas 
Rowlandson (1756-1827). Many outstanding contributions 
were made toward the understanding of pelvic anatomy dur- 
ing the period. In 1737, James Douglas (1675-1742) gave 
the first adequate description of the peritoneum, which 
helped pave the way to retroperitoneal surgery and the 
concomitant decrease in peritonitis that typically plagued 


FIGURE 1.3 Sixteenth-century woodcut showing a pessary fash- 
ioned from a sponge, bound by twine, covered in wax, and dipped 
in butter before placement. (From Stromayr C. Die Handschrift des 
Schnitt-und Augenarzles Caspar Stromayr, Lindau Munscript, 1559.) 


FIGURE 1.4 Seventeenth-century woodcut illustrating incision and 
drainage of a hematocolpos. (From Scultetus J. Armamentarium 
Chirurgicum, Ulmae Suevorum, Balthasari, 1655.) 
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abdominal procedures of the day. Later, in 1774, William 
Hunter (1718-1783) completed his monumental work, 
Anatomy of the Gravid Uterus. Thanks to the artistic talent 
of Jan van Rymsdyk, many regard this work as the finest 
anatomic atlas ever produced, as Choulant stated, “Anatom- 
ically exact and artistically perfect.” Vaginal specula contin- 
ued to evolve with a modification in 1727 by René-Jacques 
Croissant de Garengeot (1688-1759) who devised blades 
with a distinctly concave surface. de Garengeot used the 
speculum for vaginal examinations and to differentiate the 
various “vaginal hernia” (presumably pelvic organ prolapse) 
as Ricci described (Fig. 1.5). 


The Nineteenth Century Prior 
to the Aseptic Age 


Before the nineteenth century, surgical attempts at managing 
uterine prolapse and cervical disease were, for the most part, 
limited to amputation of the cervix. In 1813, Conrad Lan- 
genbeck (1776-1851) performed the first planned and suc- 
cessful vaginal hysterectomy. Moreover, he did so alone and 
without the benefit of anesthesia. As Baskett (1996) noted, 
“At one point Langenbeck was left clutching the bleeding 
area in one hand and holding one end of the ligature in his 
teeth while tying the other end with his right hand.” 

In America during the first half of the nineteenth cen- 
tury, prior to the aseptic age, physicians made several 
advances. Ephraim McDowell (1771-1830) performed 
an ovariotomy in 1809; William Potts Dewees (1768- 
1841) published the first American textbook on gynecol- 
ogy in 1826; and James Marion Sims (1813-1883; shown 
in Fig. 1.6) described the treatment of vesicovaginal fistula in 
1838. The first successful operation for vesicovaginal fistula 
employed lead suture and is believed to have been performed 
by a Virginia gynecologist, John Peter Mettauer (1787-1875), 
in August of 1838. However, the first published report of 


FIGURE 1.5 Eighteenth-century vaginal speculum used to differenti- 
ate the various “vaginal hernias.” 


an acceptable result did not appear until a year later when 
George A. Hayward (1791-1863), unaware of Mettauer’s 
success and using silk for his repair, performed eight opera- 
tions at the Massachusetts General Hospital, which resulted 
in only two cures. Mettauer is also credited with the intro- 
duction of metallic suture and a retention catheter. 

Surgical instruments manufactured during the presep- 
tic era, which finally came to a close around 1890, were 
nothing short of extraordinary in terms of variety and 
beauty. “Surgical instruments made before 1890 exhib- 
ited standards of workmanship, fit, finish and overall art- 
istry that were later sacrificed in the production of aseptic 
instruments. Moreover, instruments of the earlier period 
frequently incorporated rare and beautiful materials in 
their design, including ebony, tortoise shell, ivory, agate, 
gold and silver” per Edmonson (1997). Among the most 
notable examples was the vaginal speculum that contin- 
ued to evolve with literally hundreds of modifications by 
inventors in an attempt to enhance exposure. The manu- 
facturer Charriére introduced a novel form designed for 
use as a bivalve, tri-blade, or four-blade speculum (Fig. 1.7) 
in 1838. The more familiar “duckbill” design, still used by 
clinicians today, was initially put forth by Edward Gabriel 
Cusco in 1870. However, the most popular speculum 
currently in use was designed by T. W. Graves, a general 
practitioner from Massachusetts, and was introduced more 
than a century ago in 1878. 

In 1845, Sims began a series of surgical experiments on his 
now legendary slaves, Anarcha, Betsy and Lucy, who suffered 
from vesicovaginal fistulas. After nearly 40 fruitless attempts 
at fistula repair, over the course of six years Sims finally 


FIGURE 1.6 James Marion Sims (1813-1883). (From Clinical Notes 
on Uterine Surgery. London; 1866.) 
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FIGURE 1.7 Four-valve vaginal speculum with detachable blades by 
Charriére, c.1850, private collection. 


succeeded. His triumph was due in part to his use of silver 
sutures and the exposure afforded him by a speculum of his 
own design employed with the patient in his knee-chest posi- 
tion. Sims originally reported on his technique in January of 
1852 and then more formally in Silver Sutures in Surgery, 
his 1857 discourse before the New York Academy of Medi- 
cine. An immodest man, Sims declared, “silver as a suture is 
the greatest surgical achievement of the century.” In a subse- 
quent narrative, Sims described the events surrounding his 
conception of the “Sims knee-chest position” (Fig. 1.8): 


Full of thought I hurried home and the patient (with 

the vesicovaginal fistula) was placed in the position 
described, with an assistant on each side too elevate and 
retract the nates. I cannot, nor is it needful to describe 

my emotions, when the air rushed in and dilated the 
vagina to its greatest capacity, whereby its whole surface 
was seen at one view, for the first time by any mortal 
man. With this sudden flash of light, with the fistulous 
opening seen in its proper relations, all the principles of 
the operation were presented to my mind... and thus, 

in a moment, in the twinkling of an eye, new hopes and 
aspirations filled my soul, for a flood of dazzling light had 
suddenly burst upon my enraptured vision, and I saw in 
the distance the great and glories triumph that awaited 
determined and persevering effort. I thought only of reliev- 
ing the loveliest of all God's creations of one of the most 
loathsome maladies that can possibly befall poor human 
nature... Full of sympathy and enthusiasm, I found myself 
running headlong after the very class of sufferers that I 
had all of my professional life most studiously avoided. 


Although one may argue that Sims was not the first to 
employ silver sutures in surgical repairs, most will concede 
that he was the first to combine the essentials for cure and 
thus popularize one of the first major innovations in pelvic 
surgery. Within the same decade, Washington Lemuel Atlee 
performed a myomectomy in 1844 and Walter Burnham con- 
ducted the first successful abdominal hysterectomy in 1853. 


The Mid-Nineteenth Century: The Dawn 
of Aseptic Surgery 


During the second half of the nineteenth century, the req- 
uisites for advancement of surgery began to fall into place. 
These included adequate anesthesia, antisepsis, and accept- 
able suture materials. Throughout the latter half of the cen- 
tury, the evolution of pelvic surgery gained momentum, as 
advances in gynecologic therapy were unparalleled in the 


FIGURE 1.8 Sims knee-chest position. (From Bourgery JM. Traité 
Complet de L’Anatomie de L'Homme Comprenant la Médicine 
Opératoire. Paris: Guerin; 1866-1868.) 


entire realm of medicine. For more than two millennia, 
therapy was primarily medical, and in less than half a cen- 
tury, it became surgical and spectacular. 

The rapidly increasing frequency of successful surgery 
was made possible by the advent of adequate anesthesia in 
1846, Joseph Lister’s treatise on asepsis in 1867, and his 
introduction of aseptic suture (silk soaked in carbolic acid) 
in 1869. The extraordinary range of pelvic surgical tech- 
niques performed before the last quarter of the nineteenth 
century is beautifully illustrated in Jean-Baptiste Marc 
Bourgery and Nicolas Henri Jacob’s magnificent Traité complet 
de l'anatomie de l'homme comprenant la médicine opératoire 
1831-1854. “In the entire literature of medicine during the 
nineteenth century there is nothing that compares with the 
749 hand-colored folio-sized lithographs, nearly all of which 
are in the very realistic style of Nicolas Jacob,” as stated 
in Roberts and Tomlinson’s Fabric of the Body. Figure 1.9 
shows an example of Bourgery’s work illustrating Sims’s 
operation for vesicovaginal fistula. 

The latter half of the century is marked by many note- 
worthy contributions to pelvic surgery and an improved 
understanding of pelvic anatomy. Anders Adolf Retzius 
(1796-1860) defined the boundaries of the prevesical space 
in 1849. In 1877, Léon Clément Le Fort (1829-1893) 
described his procedure for partial colpocleisis, which con- 
tinues to provide a simple and safe way to manage uterine 
prolapse in the high-risk patient. Alwin Mackenrodt (1859- 
1925) elegantly described the cause and cure of uterine pro- 
lapse in 1895 and put forth an accurate description of the 
pelvic connective tissue including the transverse cervical or 
cardinal ligaments (Mackenrodt’s ligaments; Fig. 1.10). 

Soon thereafter, Archibald Donald (1840-1908) and 
William Fothergill (1806-1879) developed the Manchester 
operation, uniting parametric and paravaginal tissues to one 
another and with the cervix anteriorly to effectively counter 
uterine prolapse. The procedure, named after their home- 
town, became the first widely used procedure for uterovagi- 
nal prolapse. Due to a high birth rate and the large workforce 
performing the manual labor of sheep shearing outside Man- 
chester, England, there was no shortage of young women with 
pelvic organ prolapse. Rather than use a pessary, Donald pri- 
marily resuspended the uterus with a plication of the cardinal 
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FIGURE 1.9 A series of watercolor lithographs depicting Sims’s operation for vesicovaginal fistula. A, Trimming the edge of vesicovaginal 
fistula (note silver catheter in place). B, Placement of silver sutures. C, Completed closure of fistula. (From Bourgery JM. Traité Complet de 
L’Anatomie de L'Homme Comprenant la Médicine Opératoire. Paris: Guerin; 1866-1868.) 
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ligaments. He performed amputation of the cervix as needed, 
suture plication of the cardinal ligaments in front of the cervix 
to elevate the cervix, anterior colporrhaphy with wide lateral 
exposure, and posterior colporrhaphy (see Fig. 1.114—D). 
Donald emphasized that the key to restoring anatomy was 
“that the raw surface, anterior or posterior, or in exceptional 
cases, both, must be high, wide, and deep, and that the deep 
tissues, triangular ligament, or levator ani muscles must be 
brought together...” From an architectural point of view, Don- 
ald believed in maintaining the uterus as the keystone of the 
pelvic arch for vaginal support. This operation was also much 
safer since the uterine arteries were not transected, decreas- 
ing the risk of hemorrhage, and the cul-de-sac was not entered 
to decrease the risk of intra-abdominal abscess or peritonitis. 

In 1888, Donald and Fothergill collaborated to improve 
the surgery. Fothergill felt that the severity of prolapse was 
related to failure of the parametria, which we know today 
as the cardinal ligaments. He felt that vaginal surgery would 
be ideal to “alter the attachment of prolapse... in such a 
way as to ‘take up the slack’ in some degree.” Fothergill was 
a proponent for trachelectomy in all patients with cervical 
elongation “more than three inches in length.” The cardi- 
nal ligaments were plicated using “deep buried stitches” of 
silver suture at first, and then chromic catgut, after Don- 
ald visited German physicians who preferred the handling 
of the biologic suture materials. Donald made a separate 
diamond-shaped incision for the anterior colporrhaphy with 
the base of the triangle at the cervix. Fothergill joined the 
colporrhaphy and trachelectomy incisions, extending the 
repair posteriorly for improved exposure of the levator 
myorrhaphy shelf where the uterus sits. 

Thomas J. Watkins proposed a novel approach to uter- 
ine prolapse and cystocele reduction by using the uterus 
as a prosthesis. He introduced his interposition operation 
in 1898, contending that it was ill advised to remove the 
uterus in any case of prolapse unless it was diseased. Thus, 
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cardinal ligaments in a fetus of 
eight months. (From Mackenrodt A. 
Uber die Ursachen der normalen und 
pathologischen Lagen des Uterus. 
Arch Gynakol. 1895; 48:394. 


through an anterior colpotomy incision, Watkins brought 
the uterus forward such that the bladder rests on the pos- 
terior wall of the uterus, thereby elevating the lower uter- 
ine segment and creating antagonistic forces between the 
prolapsing bladder and uterus. During the same year, Ernst 
Wertheim (1864-1920) introduced and ultimately popular- 
ized radical hysterectomy to the extent that the procedure 
became known as the Wertheim operation. 

The popularity of pessaries flourished throughout the 
latter half of the century, because practitioners were appar- 
ently concerned with uterine malposition (Fig. 1.12). Hugh 
Lenox Hodge (1796-1873) spoke for many gynecologists of 
the era when in 1860 he stated: 


The mechanical treatment of uterine displacements by 
intravaginal supports is essential, a “sine qua non”, for 
their perfect relief; that by pessaries, of suitable material, 
size and form, the uterus may very generally be replaced 
and be maintained in situ; that the local symptoms of 
weight, pain, etc., the leucorrhea, the menorrhagia, 

the dysmenorrhea, and all the innumerable direct and 
indirect symptoms of spinal and cerebral irritation, 
including neuralgia, nervous headache, nervous affec- 
tions of the larynx, lungs, heart, stomach, bowels, etc., as 
also spasms, cramps, and convulsions, may often thus be 
dissipated; that the intellectual and spiritual being may 
be elevated from the lowest states of depression, border- 
ing on melancholy, or delivered from the highest degree 
of maniacal excitement. Patients often are amazed at 
their own altered sensations; they can hardly realize their 
identity-feeling as if they were either renovated, or that 
they had been transported to a “new world.” 


Among the most important diagnostic and operative inno- 
vations of the century occurred in 1877 when Maximilian 
Nitze (1848-1906) introduced an electrically illuminated 
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FIGURE 1.11 Manchester operation for uterine prolapse and cystocele. A, Bladder has been dissected up from cervix. Incision has been carried 
through mucosa around cervix and mucosa dissected free from cervix. Bases of broad ligaments are thus exposed. The left has been clamped 
and cut. Dotted line indicates where cervix is to be amputated. B, Cervix has been amputated and posterior lip covered with flap of mucosa. 
The bases of the broad ligaments have been sutured to the anterior surface of the cervix. C, Pubovesicocervical fascia is being approximated 
in the midline beneath the urethra, base of the bladder and the cervix. Note that the lower sutures bite into the anterior wall of cervix. 
D, Operation on anterior wall has been completed. It is to be followed by a posterior colporrhaphy. (From Te Linde RW. Operative Gynecology. 
1st ed. Philadelphia: Lippincott; 1946:116-117, Figure 55, with permission.) 


cystoscope. This made possible great improvements in sur- 
gery including excision of bladder tumors in situ, which Nitze 
details in his important monograph on cystoscopy in 1889. 
Shortly afterwards, in 1893, Howard Atwood Kelly (1858- 
1943; Fig. 1.13) introduced his air cystoscope and published 
a bulletin on aeroscopic examination of the female bladder 
and the catheterization of the ureters under direct inspection 
(Figs. 1.14 and 1.15). His innovation occurred in part by acci- 
dent while using a water cystoscope in the knee-chest position. 


The instrument apparently fell to the floor, breaking the glass 
diaphragm. Kelly reintroduced the cystoscope into the blad- 
der without its glass diaphragm and the bladder immediately 
distended with air, permitting visualization of its interior and 
ureteric orifices. Kelly’s two-volume Operative Gynecology 
(Appleton and Co., 1898), Medical Gynecology (Appleton and 
Co., 1908), and Diseases of the Kidneys, Ureters, and Bladder 
(with Burnam, 1914), the latter distinguished by the great 
illustrations by the German artist Max Brédel (1870-1941), 
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FIGURE 1.12 Various nineteenth-century pessaries. (From Bourgery 
JM. Traité Complet de L’Anatomie de L'Homme Comprenant la 
Médicine Opératoire. Paris: Guerin; 1866-1868.) 
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FIGURE 1.13 Howard Atwood Kelly (1858-1943). 


defined the specialty and laid the foundation for progress well 
into the next century. Through a thorough study of anatomy, 
gynecology, and surgery, Brödel revolutionized the appearance 
of medical literature and went on to become head of the first 
“Department of Art as Applied to Medicine” in the world at 
The Johns Hopkins University in 1911. 


Retro pubic 


FIGURE 1.14 Various positions that air cystoscope may take to illu- 
minate all parts of the bladder. (From Kelly HA, Burnam CS. Diseases 
of the Kidneys, Ureters, and Bladder. Vol. 1. New York: D. Appleton & 
Co.; 1914:262, Figure 135, with permission.) 


FIGURE 1.15 Beginning catheterization of the left ureter in knee- 
chest posture through an open-air cystoscope. (From Kelly HA, Bur- 
nam CS. Diseases of the Kidneys, Ureters, and Bladder. Vol. 1. New 
York: D. Appleton & Co.; 1914:269, Figure 141, with permission.) 


William Osler (1849-1919), addressing the Johns Hop- 
kins Historical Club in January 1901, reflected on the accom- 
plishments of medicine in the nineteenth century stating, 


In the fullness of time, long expected, long delayed, 

at last Science emptied upon him from the horn of 
Amalthea blessings which cannot be enumerated, bless- 
ings which have made the century forever memorable; 
and which have followed each other with a rapidity so 
bewildering that we know not what to expect next... 
Measure as we may the progress of the world—materially, 
in the advantages of steam, electricity, and other 
mechanical appliances; sociologically, in the great 
improvements in the conditions of life; intellectually, 
in the diffusion of education; morally, in a possibly 
higher standard of ethics—there is no measure which 
can compare with the decrease in physical suffering in 
man, woman, and child when stricken by disease or 
accident... This is the Promethean gift of the century 
to man. 
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The Twentieth Century: A Specialty 
Evolves 


The rapid evolution of technology and procedures related 
to gynecology and female urology continued into the twen- 
tieth century. In 1900, David Gillman introduced round 
ligament ventrosuspension of the uterus for treatment of 
uterine prolapse whereby he carried the proximal round 
ligament through the peritoneum just lateral to the rectus 
muscle and sutured it to the posterior rectus sheath. Shortly 
thereafter, John Montgomery Baldy (1860-1934) and John 
Clarence Webster (1863-1950) independently devised a vir- 
tually identical operation for uterine retrodisplacement. The 
Baldy-Webster uterine ventrosuspension involved plication 
of redundant uterosacral ligaments to the posterior aspect 
of the uterus at a point just above the uterosacral ligaments. 
Hermann Johannes Pfannenstiel (1862-1909) proposed his 
low transverse incision to help reduce postoperative hernias. 
Frederick Foley (1891-1966) introduced a new plastic oper- 
ation for stricture at the ureteropelvic junction for treatment 
of hydronephrosis. The pathogenesis of rectal prolapse as a 
form of sliding hernia was put forth by Alexis Moschcowitz 
(1865-1933) in 1912. He devised an operation whereby silk 
sutures were passed circumferentially about the cul-de-sac 
of Douglas. Subsequently, gynecologists appropriated the 
operation to prevent enterocele at the time of hysterectomy. 
Throughout the twentieth century, the evolution of uri- 
nary incontinence procedures took place. In 1913, Kelly 
first described his anterior plication stitch—a horizontal 
mattress stitch placed at the urethrovesical junction and 
thereby effectively plicating the pubocervical fascia. The 
“Kelly plication stitch” as shown in Figure 1.16 resulted in 
narrowing of a patulous urethra and some elevation of the 
urethrovesical junction and was the essential component of 
anterior colporrhaphy for stress urinary incontinence. 
Although the Kelly plication was somewhat effective 
and popular, stress incontinence frequently recurred. Vari- 
ous muscular and fascial sling operations were thus devised 
to treat this distressing and persistent problem. The slings 
utilized adjacent anatomic structures with the purpose of 
providing proper support for the urethra and of developing a 
substitute muscular sphincter-like action to replace the one 
that had been lost through birth injury. Muscle transposition 
procedures to create a sling under the urethra using rectus 
muscle, pyramidalis muscle, and levator ani were used in 
the early twentieth century. In 1917, Stoeckel, building on 
previous work by Goebell and Frangenheim, was the first 
to combine sphincter plication and the use of a fascial sling 
with complete success. In 1942, A. H. Aldridge described 
a technique of making a transverse suprapubic incision and 
developing bilateral strips of fascia attached at the midline. 
Aldridge famously noted, “in such circumstances or when 
the sphincter muscles have undergone too much destruc- 
tion, complete restoration of function by the usual vaginal 
procedures can hardly be expected.” The fascial strips were 
brought down through the rectus muscle, behind the sym- 
physis, and united as a sling beneath the urethra. Aldridge 
was one of the first to emphasize that much of stress incon- 
tinence might be due to disruption from birth trauma. The 
Aldridge rectus fascia sling became the model for similar 
fascial sling procedures used for recurrent stress inconti- 
nence and sphincter deficiency for the next 50 years. 


The Urologic and Cutaneous Review 


“H” is the head of the catheter marking the neck of 

the bladder. “GGGG” are the guy sutures holding the 

wound open. “S” is the surface at the neck of the 

bladder re-uniting the sphincter muscle. 
FIGURE 1.16 The Kelly plication stitch for stress urinary inconti- 
nence. (From Kelly HA. Incontinence of urine in women. Urol Cutane- 
ous Rev. 1913; 17:291.) 


A New York urologist, Victor F. Marshall (1913-2001) 
began to develop an operation for urinary incontinence in men 
during the mid-1940s. He employed a suprapubic approach 
to suspend the bladder and bladder neck by placement of 
interrupted chromic catgut sutures to the periosteum of the 
symphysis and posterior rectus sheath. Thereafter, he collab- 
orated with two gynecologists, Andrew Anthony Marchetti 
(1901-1970) and Kermit Edward Krantz (1923-2007), 
refining and modifying the procedure to treat incontinence 
in women. During the half century after its introduction, the 
Marshall-Marchetti-Krantz (MMK) procedure remained a 
standard approach to female incontinence. Necessity being 
the mother of invention gave rise to a modification of the 
MMK operation when John Christopher Burch (1900-1970) 
was unable to secure sutures into the retropubic periosteum 
and ultimately found the support he required in Cooper’s 
ligaments. His 1961 publication on the procedure remains 
one of the simplest, most widely accepted, and most studied 
methods of elevating the urethrovesical junction in cases of 
stress urinary incontinence (Fig. 1.17). 

In 1934, Nobel Sproat Heaney (1880-1955) reported 
on 565 vaginal hysterectomies performed for benign dis- 
ease. Henceforth, he became one of the most influential 
proponents of the procedure, praising its lower morbidity 
and mortality compared to an abdominal approach. While 
developing the technique, he designed a needle holder, 
retractor, and pedicle clamp to facilitate the procedure 
and incorporated peritoneum, vessels, and ligaments in a 
maneuver known as the “Heaney Stitch.” 

The development of an enterocele subsequent to vaginal 
hysterectomy was addressed in 1957 by Milton Lawrence 
McCall’s (1911-1963) posterior culdeplasty. The operation 
was performed from below by obliteration of redundant 
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FIGURE 1.17 Burch urethrovaginal fixation procedure. A, The suture has been passed through the perivaginal fascia and the wall of the 
vagina, but not through the mucous membrane. The sutured point is now matched to that point on Cooper’s ligament to which it is most eas- 
ily approximated, and the suture passed through this point and tied. B, The lateral edges of the vagina have been approximated to Cooper’s 
ligament by three interrupted sutures. (From Burch JC. Urethrovaginal fixation to Cooper’s ligament for correction of stress incontinence, cystocele, 


and prolapse. Am J Obstet Gynecol. 1961; 81:281, with permission.) 


posterior cul-de-sac by a series of continuous sutures along 
the length of the uterosacral ligaments. 

Operative laparoscopy was first employed in gyneco- 
logic procedures by Raoul Palmer (1905-1985) in 1943. 
At a time when laparoscopy was largely the domain of sur- 
geons, he established its role for evaluating infertility and 
visualizing pelvic organs by placing the patient in the Tren- 
delenburg position and elevating the uterus by means of a 
transcervical manipulator. However, credit for devising the 
earliest endoscope must go to Philipp Bozzini (1773-1809), 
who described his “lichltleiter” in 1806. He advocated the 
inspection of all “interior cavities ... by looking through 
natural openings or at least small wounds.” Expounding on 
the utility of his device, Bozzini wrote, “To give an idea how 
distinctly the light transmitter reflects the rays, I would like 
to cite just one example: if, observing proper cleanliness, 
one places a piece of writing in the fundus of the uterus of a 
woman who died during delivery, it can be read through the 
vagina with the help of the light transmitter containing an 
ordinary wax candle as clearly as by light of a candle stand- 
ing at the same distance on a table.” Furthermore, he cor- 
rectly predicted the development of operative endoscopy, 
writing, “Surgery will not only develop new and previously 
impossible procedures, but all uncertain operations which 
rely on luck and approximation will become safe under the 
influence of direct vision, since the surgeon’s hand will now 
be guided by his eyes.” Amazingly, Bozzini was formally rep- 
rimanded for his “undue curiosity” after visualizing the inte- 
rior of the urethra of a living patient, a reaction that repeats 
itself on many occasions throughout history as innovations 
or new ideas are initially put forth. 


In 1914, Wilhelm Latzko (1863-1945) introduced a 
partial-colpocleisis technique for vesicovaginal fistula clo- 
sure following hysterectomy. By dissecting off the vaginal 
mucosa surrounding the fistula and inverting the denuded 
area with multiple layers, he effectively obliterated the fis- 
tulous opening. 

From the turn of the nineteenth century and well into 
the twentieth century, the faculty from the departments 
of obstetrics and gynecology at The Johns Hopkins Hospi- 
tal would become a guiding force for the specialty. Among 
these leaders is Howard Atwood Kelly (1858-1943), often 
regarded as the father of American gynecology due to his 
important role in establishing gynecology as a surgical spe- 
cialty in America (see Fig. 1.13). For three decades, he was 
chairman of gynecology at The Johns Hopkins Hospital 
where he established the first residency program in gynecol- 
ogy, an innovation in surgical training and an important con- 
tribution to the development of the specialty. He was by all 
measures a prolific author. By 1919, he had published 485 
titles, of books, journal articles, and pamphlets. In 1899, 
Kelly consented to the department’s division and delegated 
responsibility for obstetrics to John Whitridge Williams 
(1866-1931). Williams along with Kelly introduced a new 
standard of scholarship into America’s obstetric and gyne- 
cologic literature and teaching. For three decades, Williams 
exercised a near monopoly in filling the chairs of obstet- 
rics and gynecology at the country’s major universities. His 
widely popular textbook, Williams Gynecology, continues 
to bear his name under new editorship. Later, Richard Wes- 
ley Te Linde (1894-1989) was appointed chairman in 1939, 
a post he held for 21 years. During his tenure, he played a 
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role in the development of fascial slings for stress incon- 
tinence in the United States and performed much of the 
preliminary work in delineating the diagnosis of and appro- 
priate treatment for cervical carcinoma in situ. Perhaps Te 
Linde is best known for his text Operative Gynecology, 
which was published in 1946 and was destined to be and 
remains the standard American work on the subject under 
successive authors. 

Thus, we owe a great debt of gratitude to these and many 
others who established the foundation for successful pel- 
vic surgery and ultimately for our specialty. Perhaps Kelly, 
himself an avid historian and bibliophile, summarized it best 
stating, “No group should ever neglect to honor the fore- 
bears upon whom their contributions are based. Great is 
the loss to anyone who neglects to study the lives of those 
he follows.” 
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Pelvic Anatomy 
Bones of the Pelvis 


The bones of the pelvis are the rigid foundation to which 
all of the pelvic structures are ultimately anchored. In the 
standing position, forces are dispersed to minimize the pres- 
sures on the pelvic viscera and musculature and disperse the 
forces to the bones that are better suited to the long-term, 
cumulative stress of daily life. In the upright position, the 
pubic rami are oriented in an almost vertical plane. Simi- 
lar to the supports of an archway or bridge, the weight of 
the woman is transmitted along these bony supports to 
her femurs. Where the pubic rami articulate in the mid- 
line, they are nearly horizontal. Much of the weight of the 
abdominal and pelvic viscera is inferiorly supported by the 
bony articulation. 

The pelvic bones are the ilium, ischium, pubic rami, 
sacrum, and coccyx (Fig. 2.1A and B). The sacrum is com- 
posed of five sacral vertebrae that are fused together. The 
nerve foramina are positioned anterior and laterally. Overly- 
ing the middle of the sacrum is a rich neurovascular bed. 
The coccyx is inferiorly attached and is the posterior border 
of the pelvic outlet. 

Several landmarks are important to the pelvic surgeon. 
The anterior superior iliac spine (ASIS) is easily identifiable 
and is anterior and laterally located on the superior ileum. 
The ischium is fused to the ilium. The medial surface of 
the ilium forms the lateral borders of the pelvic outlet. 
The superior greater sciatic notch and inferior lesser sciatic 
notch are medially separated by a projection, the ischial 
spine. The sacrospinous ligament, triangular in form, is lat- 
erally attached by its apex to the ischial spine; its broader 
base arises from the side of the lower sacral and coccygeal 
segments. This ligament converts the greater sciatic notch 
into the greater sciatic foramen (see Fig. 2.1B). Through 
this foramen pass the piriformis muscle and all of the ves- 
sels and nerves that leave the pelvis for the gluteal region 
and back of the thigh. The sacrospinous ligament and the 
dorsal sacrotuberous ligament also convert the lesser sciatic 
notch to the lesser sciatic foramen. Through this foramen 
pass the tendon and nerve of the internal obturator muscle, 
the pudendal nerve, and the internal pudendal vessels. 


CHAPTER 2 


Anatomy of the 
Lower Urinary Tract, 
Pelvic Floor, and 
Rectum 


Kevin J. Stepp 
Mark D. Walters 


Chapter Outline 


Pelvic Anatomy 

Bones of the Pelvis 

Pelvic Floor and Sidewalls 
Abdominal Wall 

Nerves of the Pelvis 
Uterus and Ovaries 
Vagina 

Perineum 

Bladder 

Trigone 

Urethra 

Pelvic Ureter 
Transobturator Anatomy 
Rectum and Anal Sphincters 


Pelvic Organ Support 
Support of the Uterus and Vagina 
Urethral Support 


The ischial spine can be palpated easily through a vaginal, 
rectal, or retropubic approach, and many supportive struc- 
tures attach to it. The ischial spine is useful as a fixed point 
to describe the relative position of other anatomic struc- 
tures and as a landmark in various reconstructive surgeries 
for pelvic organ prolapse. 

The superior and inferior pubic rami are anteriorly 
located and articulate in the midline at the pubic symphysis. 
The ridge along the superior, medial surface of the superior 
pubic rami is called the pectineal line, or Cooper’s ligament 
(see also Figs 21.2 and 21.3). 

In the standing position, the ASIS and pubic symphysis 
are in the same vertical plane (Fig. 2.1B). This directs the 
pressure of the intra-abdominal and pelvic contents toward 
the bones of the pelvis instead of the muscles and endopelvic 
fascia attachments of the pelvic floor. The posterior surface of 
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FIGURE 2.1 A, Bones and ligaments of the pelvis. Lithotomy view shows the relationships of the ligaments to the pelvic outlet and bony struc- 
tures. B, Bones and ligaments of the pelvis. Sagittal view shows the nearly vertical distribution of weight (arrows) toward the pubic symphysis. 


The ischial spine is at approximately the level of the pubic symphysis. 


the pubic symphysis is located in a plane approximately 2 to 
3 cm inferior to the ischial spine. Therefore, a line drawn 
connecting the two structures would be almost horizontal 
in the standing position. This has important implications for 
the support of pelvic organs, and it will be discussed later 
in the chapter. 


Pelvic Floor and Sidewalls 


The obturator internus and piriformis make up the pelvic 
sidewalls (Fig. 2.2). The obturator membrane is a fibrous 
membrane that covers the obturator foramen. The obtura- 
tor internus muscle lies on the superior (intrapelvic) side of 
the obturator membrane. The obturator internus origin is 
on the inferior margin of the superior pubic ramus and the 
pelvic surface of the obturator membrane. Its tendon passes 
through the lesser sciatic foramen to insert onto the greater 
trochanter of the femur to laterally rotate the thigh. The 
obturator internus receives its innervation from the obtura- 
tor nerve originating from L5-S2. The obturator vessels and 
nerve pass through the anterior and lateral border of the 
obturator membrane, in the obturator canal, to their desti- 
nation in the adductor compartment of the leg. 

The piriformis is part of the pelvic sidewall and is located 
dorsal and lateral to the coccygeus. It extends from the 
anterolateral sacrum to pass through the greater sciatic fora- 
men and insert onto the greater trochanter. Lying on top of 
the piriformis is a particularly large neurovascular plexus, 
the lumbosacral plexus. 

There is a linear thickening of the fascial covering of the 
obturator internus muscle called the arcus tendineus levator 
ani. This thickened fascia forms an identifiable line from 
the ischial spine to the posterior surface of the ipsilateral 
superior pubic ramus. The muscles of the levator ani origi- 
nate from this musculofascial attachment. 

The pelvic diaphragm is defined as the levator ani mus- 
cles and the coccygeus muscle. It is stretched hammock-like 
between the pubis in front and the coccyx behind, and it is 
attached along the lateral pelvic walls to the arcus tendineus 


levator ani. The levator ani muscle complex consists of the 
puborectalis, pubococcygeus, and iliococcygeus muscles 
as classically described by Woodburne (1976) and Net- 
ter (1997) (Fig. 2.2). The more medial puborectalis arises 
from the posterior inferior pubic rami and passes posteri- 
orly forming a sling around the vagina, rectum, and perineal 
body to form the anorectal angle and contribute to fecal 
continence. Some of the fibers of the muscle blend with the 
muscularis of the vagina, perineal body, and anal canal and 
intermingle with the anal sphincter muscle. The pubococ- 
cygeus has a similar origin, but it inserts in the midline onto 
the anococcygeal raphe and the anterolateral borders of the 
coccyx. The iliococcygeus extends along the arcus tendineus 
levator ani from the pubis to the ischial spine to insert in the 
midline onto the anococcygeal raphe and coccyx. 

Changes in the terminology of the levator ani muscle have 
more recently been proposed to be more in line with the ori- 
gin and insertion of the various components (Kearney et al., 
2004). The pubovisceral muscle encompasses all levator mus- 
cles medial to the ileococcygeus. It is the thick U-shaped 
muscle that arises from the pubic bone on each side of the 
midline and inserts into, or forms a sling around, the urethra, 
vagina, and rectum. On the basis of specific insertion points, 
segments of the pubovisceral muscle include the puboperi- 
nealis, pubovaginalis, and puboanalis. The puborectalis origi- 
nates from the pubic bone and forms a sling dorsal to the 
anorectal angle, just cranial to the external anal sphincter. 

The coccygeus, although not part of the levator ani, 
does make up the posterior part of the pelvic floor, and it 
plays a role in support. Its origin is on the ischial spine and 
sacrospinous ligament. It inserts on the lateral lower sacrum 
and coccyx, and it overlies the sacrospinous ligament. The 
muscle becomes thin and fibrous with age. The coccygeus 
often blends with the sacrospinous ligament, and it can be 
difficult to distinguish the two because they have the same 
origin and insertion. 

The space between the levator ani musculature through 
which the urethra, vagina, and rectum pass is called the 
levator (genital) hiatus. The fusion of levator ani where they 
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FIGURE 2.2 The relationships of the muscles of the pelvic floor and sidewalls and their attachments from an abdominal view. The arcus ten- 
dineus fasciae pelvis has been removed on the left, showing the origins of the levator ani muscles. On the right, the arcus tendineus fasciae 
pelvis remains intact, showing the attachment of the lateral vagina via the endopelvic fascia (cut away). 


meet in the midline creates the levator plate. The levator 
plate forms the basis for pelvic support. The levator ani may 
be very thin and attenuated, especially in elderly patients 
and those with pelvic organ prolapse. 

With the change from plantigrade to erect posture, the 
pelvis and vertebral column of humans underwent various 
evolutionary changes that restored the balance between 
intra-abdominal pressure and visceral support. The lum- 
bosacral curve, a specific human characteristic, directs 
abdominal pressure forward onto the abdominal wall and 
the nearly horizontal, flattened pubic bones. Downward 
pressure is directed backward onto the sacrum and the rear- 
ranged pelvic muscles, which now fill in the pelvic cavity to 
form the pelvic floor and sidewalls. 

The pelvic floor and sidewalls are made up of muscular 
and fascial structures that enclose the abdominal-pelvic cav- 
ity, the external vaginal opening (for intercourse and partu- 
rition), and the urethra and rectum (for elimination). The 
fascial components consist of two types of fascia: parietal 
and visceral (endopelvic). Parietal fascia covers the pelvic 
skeletal muscles and provides attachment of muscles to 
the bony pelvis; it is characterized histologically by regular 
arrangements of collagen. Visceral endopelvic fascia is less 
discrete and exists throughout the pelvis as a meshwork of 


loosely arranged collagen, elastin, and adipose tissue through 
which the blood vessels, lymphatics, and nerves travel to 
reach the pelvic organs. By surgical convention, condensa- 
tions of the visceral endopelvic fascia of the pelvis have been 
described as discrete “ligaments,” such as the cardinal or 
uterosacral ligaments. The role of the endopelvic fascia in 
pelvic organ support will be discussed in detail later in this 
chapter. 

The pelvic floor muscles have constant tone except dur- 
ing voiding and defecation, and they can be voluntarily 
contracted. This muscle tone serves as a constant support 
for the pelvic viscera. The levator muscles and the skeletal 
components of the urethral and anal sphincters all have the 
ability to contract quickly at the time of an acute stress, 
such as a cough or sneeze, to maintain continence. The mus- 
cles contain type I (slow-twitch) fibers to maintain constant 
tone, and type II (fast-twitch) fibers to provide reflex and 
voluntary contractions. Although the muscles of the pelvic 
floor were initially thought to have innervation from direct 
branches of the sacral nerves on the pelvic surface and via 
the pudendal nerve on the perineal surface, recent ana- 
tomic, neurophysiologic, and experimental evidence indi- 
cates that these standard descriptions are inaccurate and 
that the levator ani muscles are predominantly innervated 
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by a nerve traveling on the superior (intrapelvic) surface of 
the muscles without contribution of the pudendal nerve. 
There are small branches that penetrate the body of each 
muscle as the nerve traverses them. 


Abdominal Wall 


The abdominal wall comprises several layers. Inferior to the 
umbilicus and beneath the skin, the subcutaneous tissue 
forms two distinct layers: the subcutaneous fat (Camper’s 
fascia) and an inner membranous layer (Scarpa’s fascia). 
These layers come together in the midline at the linea alba. 
The umbilicus consists of an umbilical ring through the linea 
alba, and it is the thinnest part of the abdominal wall. There 
are laterally three layers of muscles: the external oblique, 
the internal oblique, and the transversus abdominis muscles. 
Near the midline are the rectus abdominus and the pyrami- 
dalis muscles. The three lateral muscles come together near 
the midline to envelope the rectus abdominus muscles in 
the rectus sheath. The innermost layer of the sheath (pos- 
terior rectus sheath) is only present above the approximate 
position of halfway between the umbilicus and the pubic 
symphysis. This point of transition is called the arcuate line. 
Below the arcuate line, there is no posterior rectus sheath. 
The transversalis fascia and the peritoneum cover the inter- 
nal surface of the entire anterior abdominal wall. 

The ilioinguinal and iliohypogastric nerves are located in 
the space between the internal and external oblique mus- 
cles. Abdominal wall surgical sites below the level of the 
anterior superior iliac spine have the potential for ilioingui- 
nal and iliohypogastric nerve injury. 

Important folds located on the internal surface of the 
anterior abdominal wall include the median and medial 
umbilical folds. The paired obliterated remnants of the 
umbilical arteries course posterior to the rectus muscles. 
The single median umbilical fold is located in the midline 
and is the remnant of the embryologic urachus. Each infe- 
rior epigastric artery originates from the external iliac artery 
and ascends medial to the inguinal ring to lie along the lat- 
eral border of the rectus abdominus. 


Nerves of the Pelvis 


Although the muscles of the pelvic floor were initially 
thought to have innervation from direct branches of the 
sacral nerves on the pelvic surface and via the pudendal 
nerve on the perineal surface, evidence indicates that these 
standard descriptions are inaccurate and that the levator ani 
muscles are innervated solely by a nerve traveling on the 
superior (intrapelvic) surface of the muscles without contri- 
bution of the pudendal nerve (Fig. 2.3). 

In the pelvis, the sympathetic nerves to the pelvis origi- 
nate at the T5 to L2 spinal level and act to promote storage 
by causing relaxation of the bladder and rectum and con- 
traction of the smooth muscle components of the urethral 
and anal sphincters. The parasympathetic nerve supply to 
the pelvic viscera originates from the second, third, and 
fourth sacral nerves (Fig. 2.4). 

The sacral plexus is formed by the nerve roots of L4, L5, 
and S1 to S4 and is located on the anterior surface of the 
piriformis muscle on the lateral pelvic floor and sidewalls. 
The sacral plexus gives rise to multiple nerve branches. 
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FIGURE 2.3 View of the nerves and blood vessels of the lateral 
wall of the pelvis. The sacral plexus is shown in yellow. The smaller 
branches innervating the muscles of the pelvic floor can be seen sup- 
plying the levator ani muscles (S3, $4). 


The sciatic and gluteal nerves innervate the lower limb 
and buttock. Other branches include the pudendal nerve 
(S2-S4), the anococcygeal nerves, the nerve to levator ani 
(S3, S4), the nerves to the piriformis and obturator inter- 
nus, the pelvic splanchnic nerves, and the cutaneous nerves. 
The superior hypogastric plexus contains the sympathetic, 
parasympathetic, and visceral afferent fibers; it is located 
anterior to L5 between the sacral promontory and the aortic 
bifurcation before proceeding to the pelvic sidewalls (Fig. 
2.4). This plexus of nerves leaves the sacral surface to fan 
out on either side of the rectum approximately 3 to 4 cm 
superior to the pelvic floor muscles then disperses through- 
out the pelvis through the endopelvic fascia. 


Uterus and Ovaries 


The uterus is a muscular organ consisting of the uterine fun- 
dus, isthmus, and cervix. The uterus and cervix are con- 
tinuous with the anterior apical portion of the vagina and 
are connected superiorly to the ovaries via the utero-ovarian 
ligaments. The ovaries receive their blood supply from the 
ovarian (gonadal) vessels that originate from the aorta. The 
uterus receives most its blood supply bilaterally from the 
uterine arteries. The uterine arteries originate at the ante- 
rior division of the internal iliac artery and reach the lower 
uterine segment within the cardinal ligament. The artery 
caudally gives off the vaginal branches and continues along 
the lateral surface of the uterus to anastomose with the 
ovarian blood supply (see Fig. 2.3). 

The uterus is a midline organ positioned posterior to 
the bladder and anterior to the rectum. Condensations of 
peritoneum form the cardinal and broad ligaments, round 
ligament, and the suspensory ligament of the ovary (infun- 
dibulopelvic ligament). 

The cardinal ligament is a condensation of the endopelvic 
fascia that is part of the supportive structure of the uterus. 
It extends outward and laterally from the uterine isthmus 
and cervix in a three-dimensional fan-like manner, and it 
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FIGURE 2.4 The sympathetic and parasympathetic nerves entering the pelvis. The superior hypogastric plexus can be seen lying directly over 


the sacral promontory until it divides to the right and left sides of pelvis. 


is continuous with the endopelvic fascia of the pelvic side- 
wall. In addition to playing a role in upper vaginal support, 
it divides the deeper pelvis into avascular planes anteriorly 
called the paravesical space and posteriorly called the para- 
rectal space. The space of Retzius is continuous with the 
paravesical space. The borders of the paravesical space are 
the obturator internus and neurovascular bundle laterally, 
the cardinal ligament posteriorly, the pubic symphysis ante- 
riorly, and the obliterated umbilical artery medially. The 
borders of the pararectal space are the cardinal ligament 
anteriorly, the rectum medially, the internal iliac artery lat- 
erally, and the sacrum posteriorly. 


Vagina 


The vagina is a hollow, fibromuscular tube with rugal folds 
that extends from the vestibule to the uterine cervix. In 
the standing woman, the upper two thirds of the vagina is 
almost horizontal whereas the lower one third is nearly ver- 
tical. The vaginal wall is histologically composed of three 
layers. It is lined by a nonkeratinized stratified squamous 
epithelium that lies over a thin, loose layer of connective 
tissue, the lamina propria. The lamina propria contains no 
glands. Coursing through the lamina propria are small blood 
vessels. Vaginal lubrication is via a transudate from the ves- 
sels, cervix, and from the Bartholin’s and Skene’s glands. 
Beneath this is the vaginal muscularis, a well-developed 
fibromuscular layer consisting primarily of smooth muscle 
with smaller amounts of collagen and elastin. The muscularis 


is surrounded by an adventitial layer, which is a variably dis- 
crete layer of collagen, elastin, and adipose tissue containing 
blood vessels, lymphatics, and nerves. The adventitia repre- 
sents an extension of the visceral endopelvic fascia that sur- 
rounds the vagina and adjacent pelvic organs, and it allows 
for their independent expansion and contraction. 

The walls of the vagina are in contact except where 
its lumen is held open by the cervix. The vagina has an 
H-shaped lumen, with the principal dimension being 
transverse. In addition, the upper vagina is supported by 
connective tissue attachments to the sacrum, coccyx, and 
lateral pelvic sidewalls; these are identified at surgery as 
the cardinal and uterosacral ligament complex. The pres- 
ence of a true fascia between the vagina and adjacent organs 
has been debated. Surgical terms such as pubocervical and 
rectovaginal fascia refer to layers that are developed as a 
result of separating the vaginal epithelium from the muscu- 
laris or by splitting the vaginal muscularis layer. Anteriorly, 
the vagina lies adjacent to and supports the bladder base, 
from which it is separated by the vesicovaginal adventitia 
(endopelvic fascia). The urethra is fused with the anterior 
vagina, with no distinct adventitial layer separating them. 
The terminal portions of the ureters cross the lateral for- 
nices of the vagina on their way to the bladder base. Poste- 
riorly, the vagina is related to the cul-de-sac, to the rectal 
ampulla, and inferiorly to the perineal body. Embryologi- 
cally, an extension and fusion of the peritoneum from the 
cul-de-sac attached to the posterior surface of the vagi- 
nal muscularis forms the rectovaginal septum. A layer of 
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adventitia separates the muscular layer of the rectum from 
the rectovaginal septum, except at the level of the peri- 
neal body, where there is fusion of the vaginal muscula- 
ris and connective tissue of the perineal body. The dense 
connective tissue of the perineal body extends 2 to 3 cm 
cephalad from the hymenal ring along the posterior vagi- 
nal wall and forms what some have called the rectovaginal 
fascia. Although at the time of surgery there appears to 
be an identifiable fascial plane, Weber and Walters (1997) 
and DeLancey (1999) have each concluded that between 
the adjacent organs is primarily vaginal muscularis and no 
fascia is histologically present. 


Perineum 


The perineum is divided into two compartments: superficial 
and deep. These are separated by a fibrous connective tissue 
layer called the perineal membrane. The perineal membrane 
is a triangular sheet of dense fibromuscular tissue that spans 
the anterior half of the pelvic outlet. It had previously been 
called the urogenital diaphragm; this change in name reflects 
the appreciation that it is not a two-layered structure with 
muscle in between, as had been thought. The perineal mem- 
brane provides support to the vagina and urethra as they 
pass through it. Cephalad to the perineal membrane lies the 
striated urogenital sphincter muscle, which compresses the 
mid- and distal urethra (see Fig. 2.7). The borders of the 
perineum are the ischiopubic rami, the ischial tuberosities, 
the sacrotuberous ligaments, and the coccyx. A line con- 
necting the ischial tuberosities divides the perineum into 
the urogenital triangle anteriorly and the anal triangle pos- 
teriorly. The perineal body marks the point of convergence 
of the bulbospongiosus muscles, the superficial and deep 
transverse perinei, the perineal membrane, the external anal 
sphincter, the posterior vaginal muscularis, and the insertion 
of the puborectalis and pubococcygeus muscles. The bulbo- 
spongiosus originates on the inferior surface of the superior 
pubic rami and the crura of the clitoris. It inserts on the peri- 
neal body, where its fibers blend with the superficial trans- 
verse perinei and the external anal sphincter. It is innervated 
by the pudendal nerve. The superficial transverse perinei are 
bilateral muscles that extend from the medial ischial tuber- 
osities to insert on the perineal body. Some fibers blend 
with the bulbospongiosus and the external anal sphincter. It 
is innervated by the pudendal nerve. The ischiocavernosus 
muscles originate from the medial ischial tuberosities and 
ischiopubic rami. They insert on the inferior aspect of the 
pubic angle and they are innervated by the pudendal nerve. 

The deep perineal compartment is composed of the deep 
transverse perineus muscle, portions of the external urethral 
sphincter muscles (compressor urethrae and urethrovaginal 
sphincter), portions of the anal sphincter, and the vaginal 
musculofascial attachments. 

The neurovascular anatomy of the perineum is illus- 
trated in Figure 2.5. The motor and sensory innervation 
of the perineum is via the pudendal nerve. The pudendal 
nerve originates from S2 to S4 and exits the pelvis through 
the greater sciatic foramen, hooks around the ischial spine, 
and then travels along the medial surface of the obturator 
internus through the ischiorectal fossa in a thickening of fas- 
cia called Alcock’s canal. It immerges posterior and medial 
to the ischial tuberosity and divides into three branches to 


supply the perineum: clitoral, perineal, and inferior rectal 
(inferior hemorrhoidal). The blood supply to the perineum 
is from the pudendal artery, which travels with the puden- 
dal nerve to exit the pelvis. Similar to the nerve, there are 
three main branches with rich collateral anastomoses. 


Bladder 


The bladder is a hollow, muscular organ that is the reservoir 
for the urinary system. The bladder is flat when empty and 
globular when distended. The superior surface and upper 1 
to 2 cm of the posterior aspect of the bladder are covered 
by peritoneum, which sweeps off of the bladder into the 
vesicouterine pouch. The anterior bladder is extraperitoneal 
and adjacent to the retropubic space (space of Retzius). 
Between the bladder and pubic bones, within the space 
of Retzius, lie adipose tissue, pubovesical ligaments and 
muscle, and a prominent venous plexus. The bladder rests 
inferiorly on the anterior vagina and lower uterine segment, 
separated by an envelope of adventitia (endopelvic fascia). 

The epithelium lining the bladder lumen is loosely 
attached to the underlying musculature, except at the tri- 
gone, where it is firmly adherent. The bladder lining con- 
sists of a transitional epithelium (urothelium) supported 
by a layer of loose connective tissue, the lamina propria. 
The internal surface of the bladder has a rugose appearance 
formed by mucosal folds in the contracted state. In the dis- 
tended state, a variably prominent meshlike appearance is 
formed by mucosa-covered detrusor musculature. 

The bladder wall musculature is often described as hav- 
ing three layers: inner longitudinal, middle circular, and 
outer longitudinal. However, this layering occurs only at the 
bladder neck; the remainder of the bladder musculature is 
composed of fibers that run in many directions within and 
between layers. This plexiform arrangement of detrusor 
muscle bundles is ideally suited to reduce all dimensions of 
the bladder lumen on contraction. 

The inner longitudinal layer has widely separated muscle 
fibers that course multidirectionally. Near the bladder neck, 
these muscle fibers assume a longitudinal pattern that is 
contiguous through the trigone and, according to Tanagho 
(1986), into the inner longitudinal muscular layer of the ure- 
thra. The middle circular layer is prominent at the bladder 
neck, where it fuses with the deep trigonal muscle, forming 
a muscular ring. This layer does not continue into the ure- 
thra. The outer longitudinal layer forms a sheet of muscle 
bundles around the bladder wall above the level of the blad- 
der neck. Anteriorly, these fibers continue past the vesical 
neck as the pubovesical muscles and insert into tissues on 
the posterior surface of the pubic symphysis. The pubovesi- 
cal muscles may facilitate bladder neck opening during void- 
ing. Posteriorly, the longitudinal fibers fuse with the deep 
surface of the trigonal apex and communicate with several 
detrusor muscle loops at the bladder base; these loops prob- 
ably aid in bladder neck closure. 


Trigone 


In the bladder base is a triangular area, the trigone. The tri- 
gone has a flattened appearance with a smooth epithelial 
covering. The corners of the trigone are formed by three 
orifices: the paired ureteral orifices and the internal urethral 
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FIGURE 2.5 Neurovascular anatomy of perineum, illustrating the muscles and nerves of the perineum, including the distribution of the puden- 


dal and ilioinguinal innervation (shaded on left). 


orifice. The superior boundary of the trigone is a slightly 
raised area between the two ureteric orifices called the 
interureteric ridge. The two ureteral openings are slitlike 
and, in an undistended organ, lie approximately 3 cm apart. 

The trigone has two muscular layers: superficial and 
deep. The superficial layer is directly continuous with lon- 
gitudinal fibers of the distal ureter and is continuous poste- 
riorly with the smooth muscle of the proximal urethra. The 
deep muscular layer of the trigone forms a dense, compact 
layer that fuses somewhat with the detrusor muscle fibers. 
The deep layer is in direct communication with a fibromus- 
cular sheath, Waldeyer’s sheath, in the intravesical portion 
of the ureter (Fig. 2.6). The deep trigonal muscle has auto- 
nomic innervation identical to that of the detrusor, being 
rich in cholinergic (parasympathetic) nerves and sparse in 
noradrenergic (sympathetic) nerves. In contrast, the super- 
ficial trigonal muscle has few cholinergic nerves but more 
noradrenergic nerves. 


Urethra 


The female urethra is approximately 4 cm long and averages 
6 mm in diameter. Its lumen is slightly curved as it passes 
from the retropubic space, perforates the perineal mem- 
brane, and ends with its external orifice in the vestibule 


directly above the vaginal opening. Throughout its length, 
the urethra is embedded in the adventitia of the anterior 
vagina. 

The urethral epithelium has longitudinal folds and many 
small glands, which open into the urethra throughout its 
entire length. The epithelium is continuous externally with 
that of the vulva and internally with that of the bladder. 
It is primarily stratified squamous epithelium that becomes 
transitional near the bladder. 

The epithelium is supported by a layer of loose fibroelas- 
tic connective tissue, the lamina propria. The lamina propria 
contains many bundles of collagen fibrils and fibrocytes and 
an abundance of elastic fibers oriented longitudinally and 
circularly around the urethra. Numerous thin-walled veins 
are another characteristic feature. This rich vascular supply 
contributes to urethral resistance. 

The urethral smooth muscle is composed primarily of 
oblique and longitudinal muscle fibers, with a few circularly 
oriented outer fibers. This muscle and the detrusor muscle 
in the bladder base form what can be called the intrinsic 
urethral sphincter mechanism. This smooth muscle is usu- 
ally noted to be under alpha-adrenergic and cholinergic 
control, although Gosling et al. (1981) found an extensive 
cholinergic nerve supply with few noradrenergic nerves. 
The longitudinally directed muscles probably shorten and 
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FIGURE 2.6 Normal ureterovesico-trigonal complex. A, Side view with Waldeyer’s muscular sheath surrounding vestige of the intravesical 
ureter and continuing downward as the deep trigone, which extends to the bladder neck. The ureteral musculature becomes the superficial 
trigone, which extends to just short of the external meatus in the female. B, Waldeyer’s sheath connected by a few fibers to the detrusor 
muscle in the ureteral hiatus. This muscular sheath inferior to the ureteral orifice becomes the deep trigone. The musculature of the ureters 


continues downward as the superficial trigone. From Tanagho (1986). 


widen the urethral lumen during micturition, whereas the 
circular smooth muscle (along with the striated urogenital 
sphincter muscle) contributes to urethral resistance to out- 
flow at rest. 

The striated urethral and periurethral muscles form the 
extrinsic urethral sphincter mechanism. It has two compo- 
nents: an inner portion, which lies within and adjacent to 
the urethral wall, and an outer portion, composed of skel- 
etal muscle fibers of the pelvic diaphragm. The inner por- 
tion is made up of the sphincter urethrae, a striated band 
of muscle that surrounds the proximal two thirds of the 
urethra, and the compressor urethrae and urethrovaginal 
sphincter (known together formerly as the deep transverse 
perineus muscle), which consist of two straplike bands of 
striated muscle that arch over the ventral surface of the dis- 
tal one third of the urethra (Fig. 2.7). These three muscles, 
which function as a single unit, have been called by Oelrich 
(1983) the striated urogenital sphincter. The striated uro- 
genital sphincter is primarily composed of small-diameter, 
slow-twitch muscle, making it ideally suited to exert tone 
on the urethral lumen over prolonged time periods. These 
muscles may also contribute (along with the levator ani) to 
voluntary interruption of the urine stream and to urethral 
closure with stress via reflex muscle contraction. 


Pelvic Ureter 


As it courses retroperitoneally from the renal pelvis to the 
bladder, the ureter is divided anatomically into abdominal 
and pelvic segments, which are approximately equal in length, 
12 to 15 cm each. The ureter enters the pelvis by crossing 
over the iliac vessels where the common iliac artery divides 
into the external iliac and internal iliac (hypogastric) artery. 
It travels lateral to the hypogastric artery, but it eventually 
crosses to lie medial to the branches of the anterior division 
of the hypogastric artery and lateral to the peritoneum of 
the cul-de-sac. It is attached to the peritoneum of the lateral 
pelvic wall. As it proceeds more distally, the ureter courses 
along the lateral side of the uterosacral ligament and enters 
the endopelvic fascia of the parametrium (cardinal ligament). 
The ureter courses medially as the uterosacral ligament is 
traced from the sacrum toward the vagina. At the level of the 
ischial spine, the ureter is approximately 2 to 3 cm lateral to 
the uterosacral ligament (Buller et al. 2001). The ureter is 
closest to the uterosacral ligament at its distal end, approxi- 
mately 1 cm. The ureter passes beneath the uterine artery 
approximately 1.5 cm lateral to the cervix. The distal ureter 
then moves medially over the lateral vaginal fornix and travels 
through the wall of the bladder until reaching the trigone. 
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FIGURE 2.7 Diagrammatic representation showing the component parts of the urethral support and sphincteric mechanisms. Note that the 
proximal urethra and bladder neck are supported by the anterior vaginal wall and its musculofascial attachments to the pelvic diaphragm. 
Inset, Contraction of the levator ani muscles elevates the anterior vagina and overlying bladder neck and proximal urethra, contributing 
to bladder neck closure. The sphincter urethrae, urethrovaginal sphincter, and compressor urethrae are all parts of the striated urogenital 


sphincter. 


The ureter has only one muscular coat that forms an 
irregular, helical pattern of muscle bundles with fibers ori- 
ented in almost every direction. As the ureter approaches 
and enters the bladder wall, its helical fibers elongate and 
become parallel to its lumen. The intravesical ureter is 
approximately 1.5 cm long and is divided into an intramu- 
ral segment, totally surrounded by the bladder wall, and a 
submucosal segment directly under the urothelium. The 
longitudinal muscle fibers of the distal ureter proceed unin- 
terrupted into the superficial trigonal muscle. 

The distal and intramural segments of the ureter are sur- 
rounded by Waldeyer’s sheath. Waldeyer’s sheath fuses proxi- 
mally with the intrinsic musculature of the ureter and distally 
acts as an added fixation, linking the ureter proper to the detru- 
sor muscle (see Fig. 2.6). Waldeyer’s sheath has been described 
thoroughly by Tanagho (1986) and Woodburne (1968). 


Transobturator Anatomy 


The obturator membrane is a fibrous sheath that spans the 
obturator foramen through which the obturator neurovas- 
cular bundle penetrates via the obturator canal. The obtu- 
rator artery and vein originate as branches of the internal 
iliac vessels. As they emerge from the inferior side of the 
obturator membrane and enter the obturator space, they 
divide into many small branches supplying the muscles of 
the adductor compartment of the thigh. Cadaver work by 
Whiteside et al. (2004) has contradicted previous reports 
of the obturator vessels bifurcating into medial and lat- 
eral branches. Rather, the vessels are predominantly small 
(<5 mm diameter) and splinter into variable courses. The 
muscles of the medial thigh and adductor compartment are, 
from superficial to deep, the gracilis, the adductor longus, 
the adductor brevis, the adductor magnus, and the obtura- 
tor externus muscles (Fig. 2.8). 

In contrast to the vessels, the obturator nerve emerges 
from the obturator membrane and bifurcates into anterior 


and posterior divisions traveling distally down the thigh to 
supply the muscles of the adductor compartment. With 
the patient in the dorsal lithotomy position, the nerves and 
vessels follow the thigh and course laterally away from the 
ischiopubic ramus. 


Rectum and Anal Sphincters 


The rectum extends from its junction with the sigmoid colon 
to the anal orifice. The distribution of smooth muscle is 
typical for the intestinal tract, with inner circular and outer 
longitudinal layers of muscle. At the perineal flexure of the 
rectum, the inner circular layer increases in thickness to form 
the internal anal sphincter. The internal anal sphincter is 
under autonomic control (sympathetic and parasympathetic) 
and is responsible for 85% of the resting anal pressure. The 
outer longitudinal layer of smooth muscle becomes concen- 
trated on the anterior and posterior walls of the rectum, with 
connections to the perineal body and coccyx, and then passes 
inferiorly on both sides of the external anal sphincter. 

The external anal sphincter is composed of striated 
muscle that is tonically contracted most of the time, and it 
can also be voluntarily contracted. Various divisions of the 
external anal sphincter have been described, and although 
there is no consensus, recent descriptions favor superficial 
(combining the previous superficial and subcutaneous com- 
ponents) and deep compartments. The external anal sphinc- 
ter functions as a unit with the puborectalis portion of the 
levator ani muscle group. 

The anal sphincter mechanism comprises the internal anal 
sphincter, the external anal sphincter, and the puborectalis 
muscle (Fig. 2.9). As with the bladder neck and urethra, a spinal 
reflex causes the striated sphincter to contract during sudden 
increases in intra-abdominal pressure, such as coughing. The 
anorectal angle is produced by the anterior pull of the puborec- 
talis muscles. These muscles posteriorly form a sling around 
the anorectal junction. The anorectal angle was previously 
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FIGURE 2.8 Transobturator anatomy. Diagrammatic representation showing the muscles of the obturator compartment. The superficial 
muscles are illustrated on the left. On the right, the superficial muscles have been made transparent to illustrate the deeper muscles. 
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FIGURE 2.9 Diagram of the rectum, anal canal, and surrounding 
muscles. The puborectalis muscle posteriorly forms a sling around 
the anorectal junction. The external anal sphincter (skeletal muscle) 
surrounds the anal canal and is closely associated with the puborec- 
talis muscle. The internal anal sphincter muscle (smooth muscle) lies 
within the ring of the external sphincter muscle and is a continuation 
of the inner circular layer of the smooth muscle of the rectal wall. 
From Madoff et al. (1992). 


thought to be important in maintaining fecal continence, but 
its importance has been questioned. More recent studies sug- 
gest that fecal incontinence in women is often related to dener- 
vation of the muscles of the pelvic diaphragm and to disruption 
and denervation of the external anal sphincter. 


Pelvic Organ Support 
Support of the Uterus and Vagina 


Normal pelvic support is provided by interaction between 
the pelvic floor muscles and connective tissue attachments. 
Under most conditions, the pelvic muscles are the primary 
support for the pelvic organs, providing a firm yet elastic 
base on which they rest. The connective tissue (endopelvic 
fascia) attachments keep the pelvic organs in the proper ori- 
entation so that they may be supported by the pelvic floor 
musculature. When the pelvic muscles are relaxed, as dur- 
ing micturition or defecation, the connective tissue attach- 
ments temporarily hold up the pelvic organs. 

The endopelvic fascia is a connective tissue network of 
the retroperitoneum that envelopes all of the organs of the 
pelvis and connects them loosely to the supportive muscu- 
lature and bones of the pelvis. The term endopelvic fascia is 
used here to describe the tissues located between the sur- 
faces of the peritoneum, muscles, and pelvic organs. Histo- 
logically, it is composed of collagen, elastin, adipose tissue, 
nerves, vessels, lymph channels, and smooth muscle. Its 
properties provide stabilization and support, but they allow 
for mobility, expansion, and contraction of the viscera to 
permit storage of urine and stool, coitus, parturition, and 
defecation. 
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FIGURE 2.10 Integrated levels of support. Illustrates the three levels of support of the vagina and uterus showing the continuity of supportive 
structures throughout the entire length of the genital tract. In Level |, the endopelvic fascia suspends the upper vagina and cervix from the 
lateral pelvic walls. The fibers of Level | extend vertically and posteriorly toward the sacrum. In Level Il, the vagina is attached to the arcus ten- 
dineus fasciae pelvis and to the superior fascia of the levator ani muscles. In Level Ill, the distal vagina is supported by the perineal membrane 


and muscles. 


Other than the cervix, the uterus does not have fixed 
supports, as indicated by its ability to enlarge without 
restriction during pregnancy. Several areas of the endopelvic 
fascia (and its associated peritoneum) have been named by 
anatomists. These are really condensations of the endopel- 
vic fascia and not true ligaments and include the uterosacral 
ligament, cardinal ligament, broad ligament, meso-ovarium, 
mesosalpinx, and round ligament. The broad ligament, 
meso-ovarium, mesosalpinx, and round ligament do not play 
a role in support of the pelvic organs. 

Connective tissue attachments stabilize the vagina at 
different levels, as described by DeLancey (1992) and oth- 
ers (Fig. 2.10). Level I refers to the uterosacral ligament/ 
cardinal ligament complex and represents the most cepha- 
lad supporting structures. Level II support is provided by 
the anterior and posterior paravaginal attachments along 
the length of the vagina. Level III support describes the 
most inferior or distal portions of the vagina including 
the perineum. Each of these areas plays a significant role 
in maintaining pelvic organ support and will be discussed 


individually. However, it is important to remember that 
Levels I, II, and III are all connected through a continuation 
of the endopelvic fascia. 

Comprising Level I support, the cardinal and uterosacral 
ligaments attach to the cervix from the lateral and posterior 
sides, respectively, with fibers intermingling. The cardinal 
ligaments blend with the uterosacral ligaments, and they are 
difficult, if not impossible, to precisely delineate from one 
another. Fibers traveling predominately laterally make up 
the cardinal ligaments, whereas fibers going to the sacrum 
make up the uterosacral ligaments. These fibers form a three- 
dimensional complex attaching the upper vagina, cervix, 
and lower uterine segment to the sacrum and lateral pelvic 
sidewalls at the piriformis, coccygeus, levator ani, and per- 
haps the obturator internus fascia overlying the ischial spine. 
Together, the uterosacral/cardinal ligament complex supports 
the cervix and upper vagina to maintain vaginal length and to 
keep the vaginal axis nearly horizontal so that it rests on the 
rectum and can be supported by the levator plate. This keeps 
the cervix just superior to the level of the ischial spine. 


PART 2 Basic Science 


Contiguous with the cardinal/uterosacral ligament com- 
plex at the location of the ischial spine is Level II support— 
the paravaginal attachments. These are the connections of 
the lateral vagina and endopelvic fascia anteriorly to the 
arcus tendineus fasciae pelvis and posteriorly to the arcus 
tendineus rectovaginalis. Level II support functions to keep 
the vagina midline, directly over the rectum. 

The arcus tendineus fasciae pelvis, or “white line,” is a 
thickened condensation of the parietal fascia into which the 
paravaginal endopelvic fascia connects, supporting and cre- 
ating the anterior lateral vaginal sulci. Similar to the arcus 
tendineus levator ani, it originates on the ischial spine. How- 
ever, as it approaches the pubic symphysis, the arcus ten- 
dineus fasciae pelvis travels medially and inferiorly to the 
arcus tendineus levator ani, inserting on the inferior aspect 
of the superior pubic rami over the origin of the puborec- 
talis muscle. The axes of the arcus tendineus levator ani 
and the arcus tendineus fasciae pelvis are nearly horizontal 
in the standing woman, establishing the normal axis of the 
upper vagina. 

Similar to the anterior paravaginal supports, there 
are also posterior lateral supports. The endopelvic fascia 
extends posteriorly from the posterior lateral vagina sulci 
around the rectum to attach the vagina to the pelvic floor. 
These fibers blend with the vaginal muscularis anteriorly, 
the rectal muscularis posteriorly, and the perineal body 
inferiorly. The lateral endopelvic fascia attachments of the 
posterior vaginal wall do not have significant connections 
across the midline. Rather, they anchor the posterior lateral 
vaginal sulci to the ipsilateral levator ani. The posterior vagi- 
nal muscularis is attached through this endopelvic fascia to 
the fascia of the levator ani laterally at the arcus tendineus 
rectovaginalis. The arcus tendineus rectovaginalis represents 
a condensation of the parietal fascia of the levator ani cours- 
ing from the perineal body inferiorly, along the levator ani 
laterally, where it intersects the midpoint of the arcus ten- 
dineus fasciae pelvis (see Fig. 2.10). The arcus tendineus 
rectovaginalis is approximately 4 cm in length. The connec- 
tion to the arcus tendineus rectovaginalis creates the change 
in axis toward vertical of the distal vagina. 

Level III support is provided by the perineal body, the 
perineal membrane, the superficial and deep perineal mus- 
cles, and the endopelvic fascia. These structures support and 
maintain the normal position of the distal one third of the 
vagina and introitus. The endopelvic fascia anteriorly blends 
with the vaginal muscularis and is continuous with the sup- 
portive structures of the urethra. The perineal body is criti- 
cal for support of the lower part of the vagina and proper 
function of the anal canal. The perineal membrane anchors 
the perineal body and distal vagina laterally and anteriorly to 
the ischiopubic rami. Separation of the perineal body from 
the perineal membrane results in perineal decent and can 
contribute to defecatory dysfunction. 

The three levels of support are connected and interde- 
pendent. Level III structures are connected to the endopel- 
vic fascia that surrounds the vagina and rectum; therefore, 
they are continuous with Level II support. Level II support 
is connected to Level I support through the confluence of 
the lateral endopelvic fascia attachments and the uterosac- 
ral ligament/cardinal ligament complex. Adequate support 
at all levels maintains the pelvic organs in their normal ana- 
tomic positions. 


When the vagina, bladder, and rectum are kept in the 
horizontal plane over the levator plate and pelvic floor mus- 
cles, intra-abdominal and gravitational forces are applied 
perpendicular to the vagina and pelvic floor while the pelvic 
floor musculature counters those forces with its constant 
tone. It is this horizontal position and support by the levator 
ani that maintain pelvic organ support. With proper tone 
of the pelvic floor muscles (levator ani), stress on the lat- 
eral paravaginal attachments is minimized. Furthermore, in 
times of acute stress such as a cough or sneeze, there is a 
reflex contraction of the pelvic floor musculature counter- 
ing and further stabilizing the viscera. The genital hiatus 
also responds by narrowing to maintain Level III support. 
With pelvic floor weakness, such as with neuropathic injury 
or mechanical muscular damage, the endopelvic fascia 
becomes the primary mechanism of support. Over time, 
this stress can overcome the endopelvic fascial attachments 
and result in loss of the normal anatomic position through 
breaks, stretching, or attenuation of endopelvic fascia sup- 
ports. This can result in changes in the vector forces applied 
to the viscera and may lead to pelvic organ prolapse and/or 
visceral dysfunction. Re-creation of these supportive con- 
nections and proper position of the organs while maintain- 
ing adequate vaginal length to keep the vaginal apex in a 
natural position should be the goal of reconstructive pelvic 
surgery. 


Urethral Support 


When the vagina is normally supported, it provides sup- 
port to the bladder and urethra. Support of the urethra and 
bladder neck was traditionally thought to be provided by 
the interaction of the pubourethral ligaments, the perineal 
membrane, and the muscles of the pelvic floor. Numerous 
investigators have described the so-called pubourethral liga- 
ments as extending from the inferior surface of the pubic 
bones to the urethra. Milley and Nichols (1971) found 
bilaterally symmetric anterior, posterior, and intermediate 
pubourethral ligaments and stated that the anterior and 
posterior ligaments were formed, respectively, by the infe- 
rior and superior fascial layers of the perineal membrane. 
An anatomic defect of the pubourethral ligaments has been 
cited as a contributing factor to stress urinary incontinence 
in women. 

Studies by DeLancey (1986, 1988, 1989, 1991) pro- 
vide a more complete view of urethral support. Rather than 
being suspended ventrally by ligamentous structures, the 
proximal urethra and bladder base are supported in a sling- 
like fashion by the anterior vaginal wall, which is attached 
bilaterally to the muscles of the pelvic diaphragm (levator 
ani muscles) at the arcus tendineus fasciae pelvis. Similar 
anatomic connections between the pelvic diaphragm and 
vagina have been described by Olesen and Grau (1976) 
and others. These attachments extend caudally and blend 
with the superior fibers of the perineal membrane. The tis- 
sues, described as pubourethral ligaments, are made up of 
the perineal membrane and the most caudal portion of the 
arcus tendineus fasciae pelvis, which fix the distal urethra 
beneath the pubic bone. Figure 2.7 illustrates the anatomic 
structures that contribute to urethral support and closure. 

Anterior vaginal attachment at the arcus tendineus fas- 
ciae pelvis may contribute to urethral closure by providing 


a stable base onto which the bladder neck and proximal 
urethra are compressed with increases in intra-abdominal 
pressure. These attachments also are responsible for the 
posterior movement of the vesical neck seen at the onset 
of micturition (when the pelvic floor relaxes) and for the 
elevation noted when a patient is instructed to arrest her 
urinary stream (see Fig. 2.7, inset). Defects in these attach- 
ments probably result in proximal urethral support defects 
(urethral hypermobility) and anterior vaginal prolapse (cys- 
tocele), conditions associated with stress urinary incon- 
tinence. These defects also correspond to the paravaginal 
fascial defects, with detachment of the vagina from its lat- 
eral connective tissue supports, described by Richardson 
et al. (1976). 
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Summary 


the ectodermal and endodermal layers of the embryo. At 
approximately the sixteenth day of development, the pos- 
terior wall of the yolk sac forms a small diverticulum, the 


The period of organogenesis, also called the embryonic allantois, which extends into the connecting stalk. The hind- 
period, spans from the third to eighth week of development. gut undergoes slight dilation to form the cloaca; it ventrally 
At approximately 15 days after fertilization, invagination receives the allantois and it laterally receives the two meso- 
and lateral migration of mesodermal cells occur between nephric ducts. By the seventeenth day of development, the 
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FIGURE 3.1 Embryo approximately 32 days (8-mm crown-rump 
length) after fertilization. The urorectal septum is shown dividing 
the cloaca into a ventral urogenital sinus and dorsal rectum. Defini- 
tive ureter and mesonephric ducts share a common opening into a 
partially divided cloaca. Note the ureter has induced formation of a 
kidney from metanephrogenic blastema. 


endoderm and ectoderm layers are separated entirely by the 
mesoderm layer, with the exception of the prochordal plate 
cephalically and the cloacal plate caudally. The cloacal plate 
consists of tightly adherent endodermal and ectodermal lay- 
ers. With ventral bending of the embryo, the connecting 
stalk and contained allantois, as well as the cloacal mem- 
brane, are displaced onto the ventral aspect of the embryo. 

A spur of mesodermal tissue migrates from the base of 
the allantois toward the cloacal membrane at approximately 
28 days after fertilization, forming the urorectal septum (Fig. 
3.1). This structure partitions the cloaca into a ventral uro- 
genital sinus and a dorsal rectum. After this, each of the three 
germ layers—the endoderm, mesoderm, and ectoderm—give 
rise to specific tissues and organs. The intermediate mesoderm 
differentiates into the urogenital structures. Other portions of 
the mesoderm form multiple structures including the vascular 
system, spleen, connective tissue, and the wall of the gut tube. 

At birth, the urogenital system can be divided function- 
ally into two different systems: the urinary system and the 
genital system. However, embryologically and anatomi- 
cally, they are intimately connected because both develop 
from a common mesodermal ridge known as the intermedi- 
ate mesoderm. Both systems share a common origin with 
significant interaction between the components of each 
system during the later stages of development. Epithelial- 
mesenchymal interactions are primarily responsible for the 
maintenance and differentiation of many of the structures 
of the urogenital system. Furthermore, male and female 
sexual differentiation is dependent on the presence of spe- 
cific promoting or inhibiting factors. 


This chapter will explore the embryology and basic con- 
genital anomalies of the urinary tract, rectum, and anal 
sphincters. It will delineate the embryology of female geni- 
tal organs and discuss congenital anomalies and their treat- 
ments in detail. 


Urinary System 
Kidney and Ureter 


The urinary system begins to take shape before any gonadal 
development is evident. The kidney exists in three distinct 
but slightly overlapping forms during development. The first 
is the pronephros, which is present at approximately 22 days 
of gestation and is rudimentary and nonfunctioning. The sec- 
ond form, the mesonephros, likely functions for a short time 
during the early fetal period. The excretory tubules of the 
mesonephros enter the longitudinal collecting duct (primary 
nephric duct). These formations go on to form the meso- 
nephric duct, which is crucial in the formation of the male 
genital system, but disappears in the female. By the end of 
the fourth week, the mesonephric ducts attach to the cloaca 
and a continuous lumen is present. The ureteric bud is an epi- 
thelial outgrowth of the portion of the mesonephric duct near 
the attachment to the cloaca. The bud penetrates the meso- 
dermal tissue and ultimately forms the renal calyces, ureter, 
renal pelvis, and collecting tubules. Interactions between the 
mesoderm and ureteric bud form the third and permanent 
form of kidney, the metanephros (Fig. 3.2). The excretory 
units of the kidney develop from the metanephric mesoderm. 

The definitive kidney, formed from the metanephros, 
begins to function around the twelfth week of develop- 
ment. Urine is passed and mixes with amniotic fluid. The 
fetus swallows this and recycles it through the kidney. Dur- 
ing fetal life, it is the placenta that is responsible for waste 
excretion, not the kidney. 

The kidney is initially positioned in the pelvic region, 
but it begins a caudal ascent secondary to lumbar and sacral 
body growth in the late embryonic and early fetal periods. 
If a kidney fails to ascend, then it remains close to the iliac 
vessels and is known as a pelvic kidney. The kidneys are 
occasionally so close in proximity that the lower poles fuse, 
leading to development of a horseshoe kidney. This struc- 
ture often cannot ascend completely because it cannot pass 
the inferior mesenteric artery root. 


Bladder, Trigone, and Urethra 


During the fourth to seventh week of development, the 
cloaca divides into two separate structures: the urogenital 
sinus (anteriorly) and the anal canal (posteriorly). These 
structures are separated by a mesodermal structure, the 
urorectal septum. The tip of this septum eventually forms 
the perineal body. The upper and largest portion of the uro- 
genital sinus forms the urinary bladder, which is of endo- 
dermal origin. The bladder is initially continuous with the 
allantois (rudimentary structure primarily involved in nutri- 
tion and waste excretion in the embryo), but the lumen of 
the allantois becomes obliterated and forms a fibrous cord 
called the urachus, which runs from the bladder dome to 
the umbilicus and is called the median umbilical ligament in 
the adult. The middle portion of the urogenital sinus forms 
the prostatic and membranous parts of the urethra, and the 
distal portion forms the phallic portion. 
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Ss 


Bladder. 
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The expanding wall of the bladder grows and incorpo- 
rates the mesonephric ducts and ureteric buds, forming 
the bladder trigone. This structure provides a mesodermal 
contribution to the endodermal wall of the vesicourethral 
canal. At approximately 42 days after fertilization, the tri- 
gone may be defined as the region of the vesicourethral canal 
lying between the ureteric orifices and the termination of 
the mesonephric ducts (Fig. 3.2). The caudal portion of the 
vesicourethral canal remains narrow and forms the entire 
urethra. The urethra consists of an epithelium that is derived 
from endoderm whereas the surrounding connective tissue 
and smooth muscle is mesodermal in origin. In females, the 
cranial portion of the urethra gives rise to the urethral and 
paraurethral glands. A timetable and schematic representa- 
tion of the embryologic contributions of the various struc- 
tures of the urogenital system are shown in Table 3.1 and 
Figure 3.3, respectively. 

The separate development of the trigone and bladder 
may explain why the muscle laminae of the trigone are 
contiguous with the muscle of the ureter, but not with the 
detrusor muscle of the bladder. This separate development 
also may account for pharmacologic responses of the muscu- 
lature of the bladder neck and trigone, which partially differ 
from those of the detrusor. Because of its embryonic origins 
(mesonephric ducts and ureters), the bladder mucosa is ini- 
tially mesodermal, but with time, this lining is replaced by 
endodermal epithelia from the hindgut. 


Congenital Anomalies of the Urinary Tract 


Anomalies of the urinary system are common (3% to 4% 
of live births). Knowledge of the embryology of the genito- 
urinary system is necessary for understanding the causes of 
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FIGURE 3.2 By day 37 to 40, the 
kidney has continued to ascend 
and undergo medial rotation and 
the mesonephric ducts and future 
ureter have separated. In addi- 
tion, the cloaca has been divided 
into ventral urogenital and dorsal 
alimentary parts. The inset dem- 
onstrates the urogenital sinus and 
associated ducts at approximately 
40 days (17-mm crown-rump 
length) after fertilization. The tri- 
gone lies between the separate 
ureteric and mesonephric ducts. 


Table 3.1 Timetable of Events in the 
Development of the Lower Urinary Tract 


15 days Ingrowth of intraembryonic mesoderm 

16-17 days Allantois appears 

17 days Cloacal plate forms 

22 days Pronephros present 

28 days Mesonephric duct reaches cloaca; ureteric bud 
appears 

28-49 days Partitioning of cloaca by urorectal septum 

30-37 days Ureteric bud initiates formation of metanephros 
(permanent kidney) 

41 days Lumen of urethra is discrete; genital tubercles 
prominent 

42-44 days Mesonephric ducts and ureters drain separately 
into urogenital sinus, defining boundaries of 
trigone 

51-52 days Kidneys in lumbar region; glomeruli appear in 
kidney 

12 weeks Renal function initiates 

13 weeks Bladder becomes muscularized 

20-40 weeks Further growth and development complete the 


urogenital organs 


the multiple congenital anomalies of the upper and lower 
urinary tracts. Selected congenital anomalies of the urinary 
tract and their embryologic causes are shown in Table 3.2. 


Rectum and Anal Sphincters 


Normal Development of the Hindgut 


In the early embryo, the caudal portion of the primitive 
gut forms the hindgut. The hindgut extends from the 
posterior intestinal portal to the cloacal membrane and 
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FIGURE 3.3 Schematic represen- 
tation of the embryologic con- 
tributions of various structures of 
the female urogenital system. 


Table 3.2 Selected Congenital Anomalies of the 


Urinary Tract and Their Embryologic Causes 


Condition Embryologic Cause 


Renal agenesis Faulty interaction between the ureteric bud 


and metanephrogenic mesenchyme 


Pelvic kidney Failure of kidney to ascend to the lumbar 
region 
Horseshoe Fusion of lower poles of both kidneys; ascent 
kidney to lumbar region prevented by root of infe- 


rior mesenteric artery 
Variable persistence of the intraembryonic por- 
tion of allantois; from bladder to umbilicus 
Early splitting of the ureteric bud 
Two ureteric buds develop from one meso- 
nephric duct. One bud is in normal position; 
the abnormal bud moves downward with 
the mesonephric duct to enter into the 
urethra, vagina, vestibule, or uterus 
Bladder exstro- Insufficiency of mesoderm of the ventral 
phy abdominal wall leading to abdominal 
ectodermal breakdown and degeneration of 
the anterior bladder wall; the bladder opens 
broadly onto the abdominal wall 


Urachal fistula, 
cyst, sinus 
Double ureter 
Ectopic ureter 


gives rise to the distal third of the transverse colon, the 
descending colon, the sigmoid, the rectum, and the upper 
part of the anal canal. The terminal portion of the hindgut 
enters into the cloaca, an endoderm-lined cavity that is in 
direct contact with the surface ectoderm. This boundary 
between the endoderm and ectoderm forms the cloacal 
membrane. 


| > Distal 1/5-1/3 of vagina, 


Rectum 


~ hymen, vestibule of vagina 


Vagina 


During further development, a transverse ridge called 
the urorectal septum arises from mesoderm between the 
allantois and the hindgut. This septum gradually grows cau- 
dally, thereby dividing the cloaca into an anterior portion, 
the primitive urogenital sinus, and a posterior portion, the 
anorectal canal. The primitive perineum is formed when the 
urorectal septum reaches the cloacal membrane when the 
embryo is 7 weeks. At this time, the cloacal membrane rup- 
tures, creating an anal opening for the hindgut and a ventral 
opening for the urogenital sinus. 

Ectoderm on the surface portion of the cloaca proliferates 
and invaginates to create the anal pit. Degeneration of the anal 
membrane (formerly cloacal membrane) establishes continuity 
between the upper and lower anal canal. Thus, the upper part 
of the anal canal is endodermal in origin; the lower third of the 
anal canal is ectodermal. The junction between these regions is 
delineated by the pectinate or dentate line. The embryologic 
origin of the anus explains the differing blood supplies and epi- 
thelial cell types of the upper and lower anal canal. 

The external anal sphincter appears in human embryos at 
approximately 7 to 8 weeks. This sphincter, together with 
the levator ani, is believed to originate from hypaxial myo- 
tomes. Although the anal sphincter and levator ani may arise 
from distinct primordia, their relationship is very close. 


Congenital Anomalies of the Rectum 
and Anal Sphincters 


Imperforate anus is one of the more common abnormalities 
of the hindgut. In simple cases, the anal canal ends blindly at 
the analmembrane, which then forms a diaphragm between 
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FIGURE 3.4 A, A 3-week embryo showing the primordial germ cells in the wall of the yolk sac close to the attachment of the allantois. 
B, Migrational path of the primordial germ cells along the wall of the hindgut and the dorsal mesentery into the genital ridge. This takes place 


between approximately 4 to 6 weeks after fertilization. 


the endodermal and ectodermal portions of the anal 
canal. This occurs when the anal membrane fails to break 
down. In more severe cases, a thick layer of connective 
tissue may be found between the terminal end of the rec- 
tum and the surface because of either a failure of the 
anal pit to develop or atresia of the ampullar part of the 
rectum. Vascular accidents in this region are the likely 
cause of rectoanal atresias. These vary greatly and present 
as a fibrous remnant or loss of a segment of the rectum 
or anus. 

Rectourethral and rectovaginal fistulas are likely caused 
by abnormalities in the formation of the cloaca or urorectal 
septum. If the urorectal septum does not extend far enough 
caudally or it shifts anteriorly, then the hindgut opens into 
the urethra or vagina, creating a fistula. 


Female Genital System 


Gonads 


Gonads appear in early development as a pair of longi- 
tudinal ridges of steroidgenic mesoderm called the geni- 
tal or gonadal ridges, which are formed by proliferation 
of the epithelium and condensation of the underlying 
mesenchyme. These initially do not contain germ cells. 
Primordial germ cells originate in the epiblast, migrate 
through the primitive streak, and by the third week reside 
in the posterior wall of the yolk sac (Fig. 3.4). They then 


migrate along the dorsal mesentery of the hindgut and 
arrive at the primitive gonads at the beginning of the 
fifth week, and they invade the genital ridges in the sixth 
week. Approximately 1000 to 2000 primordial germ cells 
enter the genital ridges. If the primordial germ cells fail 
to reach the genital ridge, then the gonads do not develop. 
In the female, once the primordial germ cells reach the 
genital ridge, they are called oogonia. Oogonia begin to 
proliferate at this stage which continues into the fourth 
month. Once these cells proliferate via mitosis, they are 
called oocytes. 

In the absence of the Y chromosome (XX or XO) and 
in the presence of the appropriate somatic cell environ- 
ment, the primitive sex cords (medullary cords) regress 
(Fig. 3.54). However, the surface epithelium continues 
to proliferate and develops a second generation of cords 
called cortical cords. Cells in these cords surround each 
oocyte with a layer of epithelial cells called follicular 
cells. Together, the oocyte and follicular cells constitute 
a primary follicle (Fig. 3.5B). These enter meiosis until 
prophase I, when meiosis is arrested. The oocytes remain 
in this phase until ovulation, which may be up to approxi- 
mately 50 years later. 


Genital Ducts, Sexually Indifferent Stage 


As in gonadal development, the embryo genital ducts go 
through a sexually indifferent stage. Until approximately 
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FIGURE 3.5 A, Transverse section of the ovary at the seventh week 
showing degeneration of the primitive (medullary) sex cords and 
formation of the cortical cords. B, Ovary and genital ducts in the 
fifth month. Note degeneration of the medullary cords. The corti- 
cal zone of the ovary contains a group of oogonia surrounded by 
follicular cells. 


8 weeks, male and female embryos contain two pairs of 
genital ducts: paramesonephric (müllerian) ducts and meso- 
nephric (wolffian) ducts. The paramesonephric ducts are a 
longitudinal invagination of the epithelium of the urogenital 
ridge. The ducts open cranially into the intra-abdominal cav- 
ity and extend caudally. The paramesonephric ducts travel 
lateral to the mesonephric ducts and move medially, cross- 
ing the mesonephric ducts ventrally and coming into close 
proximity in the midline. The paired paramesonephric ducts 
initially are separated by a septum but later fuse to form the 
uterine canal. Once these ducts are combined, the fused tip 
projects into the posterior wall of the urogenital sinus where 
it causes a small swelling called the paramesonephric tubule. 


The mesonephric ducts open into the urogenital sinus on 
either side of this tubercle. 


Sexual Differentiation 


Sexual differentiation is determined genetically at the time 
of fertilization, but the gonads do not acquire sex-specific 
morphologic characteristics until the seventh week of devel- 
opment. Sexual differentiation is a complex process that 
depends on the presence or absence of the Y chromosome, 
which contains the testis-determining gene, SRY (sex deter- 
mining region on Y). Under its influence, male development 
occurs; in its absence, female development occurs. 

The way in which the genital ducts undergo sexual dif- 
ferentiation is an intricate process that involves multiple 
levels of molecular regulation, of which only part is under- 
stood. The SRY protein, autosomal gene SOX9, and mül- 
lerian inhibiting substance all play important roles. SRY 
is a transcription factor that acts in conjunction with the 
autosomal gene SOX9. When the Y chromosome is pres- 
ent, SRY and SOX9 influence multiple pathways that lead 
to testes development and testosterone production in the 
male. SOX9 is also known to bind to the promoter region 
of the gene for müllerian inhibiting substance (MIS). MIS 
is critical in sexual differentiation because its presence 
leads to regression of the paramesonephric ducts (Fig. 3.6). 
When the Y chromosome is not present, WNT4, called the 
ovary-determining gene, inhibits the function of SOX9 and 
regulates the expression of other genes responsible for ovar- 
ian differentiation. Estrogens are also important in sexual 
differentiation because they stimulate the paramesonephric 
ducts to form the uterus, fallopian tubes, cervix, and upper 
vagina. They also act on external genitalia. 

Once sexual differentiation begins at approximately 
7 to 8 weeks, the paramesonephric ducts develop into three 
main sections: (1) the cranial portion that opens into the 
abdominal cavity, (2) the horizontal portion that crosses the 
mesonephric duct, and (3) the fused caudal portion located 
medial to the mesonephric duct (Fig. 3.7A). As the parame- 
sonephric ducts move medially, a pelvic fold is formed from 
the pelvis to the fused paramesonephric ducts, forming the 
broad ligament. The two most cranial portions develop into 
the fallopian tubes, and the fused distal portion forms the 
uterus and cervix (Fig. 3.7B). 


Vagina 


After the solid tip of the paramesonephric ducts reaches 
the urogenital sinus, two solid evaginations, known as the 
sinovaginal bulbs, grow out from the pelvic part of the sinus 
(Fig. 3.8A). These bulbs proliferate and form the solid vagi- 
nal plate. Proliferation continues at the cranial plate, which 
increases the distance between the uterus and urogenital 
sinus (Fig. 3.8B). The solid plate becomes canalized by the 
fifth month of development (Fig. 3.8C). This demonstrates 
that the vagina has two origins: the upper vagina originates 
from the paramesonephric ducts and the lower vagina from 
the urogenital sinus. The lumen of the vagina remains sepa- 
rated from the urogenital sinus by the hymen, which con- 
sists of the epithelial lining of the sinus and a thin layer of 
vaginal cells. 

Although the mesonephric ducts regress in a devel- 
oping female embryo, in some females, a remnant of 
these ducts persists. If a small cranial portion persists, 
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FIGURE 3.6 Factors involved in sexual differentiation of the genital tract. 


then it forms the epoohoron or the paroophoron. Most 
of these regress during further embryonic development 
but the most cranial portion (found in the epoophoron) 
and most caudal portion (found in the wall of uterus or 
vagina and called Gartner's cyst) may be found in adult 
women (Fig. 3.7B). 


External Genitalia 


Cloacal folds form around the cloacal membrane in the third 
week of development. Cranial to the cloacal membrane, 
these folds fuse to form the genital tubercle (Fig. 3.9A). 
Caudally, the folds are subdivided into urogenital folds 
anteriorly and anal folds posteriorly. A second set of tissue 
elevations, the genital swellings, becomes visible on each 
side of the urogenital folds (Fig. 3.9B). When the original 
cloacal membrane breaks down during the eighth week, the 
urogenital sinus opens between the genital folds directly to 
the outside. Estrogens further stimulate development of the 
external genitalia. The genital tubercle elongates and forms 
the clitoris. The urogenital folds form the labia minora, and 
the genital swellings form the labia majora. The urogenital 
sinus remains open and forms the vestibule, into which the 


urethra and vagina open (Fig. 3.9C). Table 3.3 delineates the 
embryologic origin of the major female genital structures. 


Congenital Anomalies of the Female 
Genital System 


Congenital Anomalies of the Female Genital 
System Presenting as Congenital Absence of 
the Vagina and Uterus 


Malformations of the miillerian ducts and the external geni- 
talia can have a significant effect on reproductive potential 
and sexual function. When a patient presents with such an 
abnormality, it is important to put significant thought and 
time into determining the correct diagnosis and subsequent 
treatment. 

The literature reports the rate of female congenital 
anomalies to be between 0.2% and 0.4% of the general 
population. However, the prevalence of female congenital 
anomalies may be as high as 7% when using some of the 
newer diagnostic methods. These rates are much higher 
when looking at subgroups of patients with recurrent 
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FIGURE 3.7 A, Genital ducts in the female at the end of the 8 weeks. The paramesonephric ducts cross the mesonephric ducts to fuse in the 
midline and form the uterine canal. B, Genital ducts after descent of the ovary. The only remnants from the mesonephric duct system are the 


epoohoron, paroophoron, and Gartner’s cyst. 


pregnancy loss and infertility. However, in many instances 
these anomalies are asymptomatic. 

Although sex steroid receptor abnormalities and enzyme 
deficiencies are not considered malformations of the mül- 
lerian ducts, they often have similar clinical presentations 
and should be considered in the differential. The workup 
and diagnosis of these disorders are beyond the scope of 
this chapter; however, similar reconstructive techniques are 
often utilized. 


Classification 


The classification of miillerian anomalies helps with the 
diagnosis and the comparison of outcomes after various 
modes of management. However, there is no single clas- 
sification that encompasses all anomalies that have been 
reported in the literature. 

Although the direct cause of most of these anomalies 
is not known, on the basis of our embryologic knowl- 
edge, the pathogenesis of most of these anomalies can 
be understood. On the basis of pathophysiology, miille- 
rian anomalies can be broadly classified as being related 
to (1) agenesis, (2) vertical fusion defects, or (3) lateral 
fusion defects. Compared with other anomalies, agenesis 
of the uterus and vagina are relatively common abnor- 
malities. Vertical fusion defects are usually the result of 
abnormal canalization of the vaginal plate and result in 
defects such as a transverse vaginal septum and imper- 
forate hymen. Lateral fusion defects can be symmetrical 
or asymmetrical and include septum of the uterus and 


vagina as well as unicornuate and bicornuate uteri and 
related abnormalities. 

There are endless variations to miillerian and vagi- 
nal anomalies. It is impossible to effectively note these 
variations in any one classification system. The most 
accepted classification of uterine anomalies, published 
by the American Society of Reproductive Medicine 
(ASRM), places uterine anomalies into distinct groups 
on the basis of anatomic configuration (Table 3.4). 
Because vaginal anomalies are not included in this clas- 
sification, they must be described along with the uter- 
ine anomaly. This classification does not give insight 
into pathophysiology, but it is an effective way to com- 
municate observations for the purposes of treatment 
and prognosis. Other, more comprehensive classification 
systems do exist, however, they are utilized less in the 
United States. 


Millerian Agenesis (Mayer Rokitansky Kuster 
Hauser Syndrome) 


Miillerian agenesis (i.e., Mayer Rokitansky Kuster Hauser 
syndrome) was first described in 1829. Its incidence is 
reported to be 1 in every 5000 newborn females. The etiol- 
ogy of miillerian agenesis remains unknown. It appears to be 
influenced by multifactorial inheritance, and rare familial 
cases have been reported. It does not appear to be transmit- 
ted in an autosomal dominant inheritance pattern because 
none of the female offspring of women with miillerian agen- 
esis (born via in vitro fertilization and surrogacy) have shown 
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FIGURE 3.8 Coronal and sagittal sections demonstrating the formation of the uterus and vagina. A, At approximately 9 weeks the paramesonephric 
ducts meet the urogenital sinus. In addition, the uterine septum begins to degenerate. B, At 12 weeks, the sinovaginal bulbs proliferate, creating 
a solid vaginal plate, which increases the distance between the uterus and urogenital sinus. C, The fornices and upper portion of the vagina are 
formed by vacuolization of the paramesonephric tissue whereas the lower portion of the vagina is formed by vacuolization of the sinovaginal bulbs. 
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FIGURE 3.9 A, Sexually indifferent stage of external genitalia development at approximately 4 to 5 weeks. B, At 20 weeks, sexual differentia- 
tion of the female external genitalia is evident. C, Newborn. 
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Table 3.3 Embryologic Origin and 


Female Derivative 


Indifferent Structure Female Derivative 


Genital ridge Ovary 
Primordial germ cells Ova 
Sex cords Follicular (granulosa) cells 
Mesonephric tubules Oophoron 

Paroophoron 
Mesonephric ducts Appendix of ovary 


Gartner’s duct cyst 
Paramesonephric ducts Fallopian tubes 
Uterus 
Upper vagina 
Definitive urogenital sinus (lower Lower vagina 
part) Vulvar vestibule 


Early urogenital sinus (upper part) Urinary bladder 
Urethra 
Genital tubercle Clitoris 


Urogenital folds Labia minora 


Genital swellings Labial majora 


Table 3.4 ASRM Classification of Mullerian 


Anomalies 


|. Hypoplasia/agenesis a. Vaginal 
b. Cervical 
c. Fundal 
d. Tubal 
e. Combined 

Il. Unicornuate a. Communicating 
b. Noncommunicating 
c. No cavity 
d. No horn 

Ill. Didelphus 

IV. Bicornuate a. Complete 
b. Partial 

V. Septate a. Complete 
b. Partial 

VI. Arcuate 

VII. Diethylstilbestrol (DES) 

related 


evidence of vaginal agenesis. Because the vagina and associ- 
ated uterine structures do not develop with this disorder, it 
is an ASRM Class IA miillerian anomaly. Patients typically 
present during their adolescent years with the complaint 
of primary amenorrhea. As a cause of primary amenorrhea, 
miillerian agenesis is second only to gonadal dysgenesis. 
Patients with miillerian agenesis will have normal onset of 
puberty and appropriate secondary sexual characteristics but 
do not start menstruating. They do not complain of cyclic 
pelvic pain like patients with obstructive miillerian anoma- 
lies. The external genitalia appear completely normal, with 
normal pubic hair growth and normal size labia minora, which 
is in contrast to patients with complete androgen insensitivity 
syndrome. Hymenal fringes may be evident, but the vaginal 
opening is absent. No pelvic masses suggestive of hematocol- 
pos will be evident, which is in contrast to cases of complete 


transverse septum. Because these patients have a 46XX 
karyotype, normal ovaries will be present in the pelvis. Ovu- 
lation can be documented as a shift in basal body tempera- 
ture. These patients’ hormonal levels are normal and their 
cycle length on the basis of hormonal studies varies from 30 
to 34 days. In addition, they may experience the monthly 
pain (mittleschmerz) that is indicative of ovulation. 

Miillerian agenesis is associated with renal and skeletal sys- 
tem anomalies. Renal abnormalities are noted in 40% of these 
patients. These include complete agenesis of a kidney, malposi- 
tion of a kidney, and changes in renal structure. Skeletal abnor- 
malities are noted in 12% of patients and include primarily 
spine defects and limb and rib defects. Patients with miillerian 
agenesis should be actively assessed for these associated anom- 
alies. Hearing difficulties also have been reported in patients 
with miillerian agenesis. A higher rate of auditory defects has 
been noted in general in patients with miillerian anomalies 
compared with those with normal miillerian structures. 

The diagnosis of miillerian agenesis is confirmed via imaging 
techniques. Abdominal ultrasonography will demonstrate the 
lack of a uterus and the existence of ovaries. The presence of a 
midline mass consistent with a blood collection usually indicates 
an obstructive müllerian anomaly. The distinction between mül- 
lerian agenesis and obstruction is extremely important because 
an incorrect diagnosis can jeopardize appropriate management. 
With the advent of magnetic resonance imaging (MRI), lapa- 
roscopy is no longer considered necessary to make this diag- 
nosis. Typical findings in the pelvis include normal ovaries and 
fallopian tubes, and usually small miillerian remnants attached 
to the proximal portion of the fallopian tubes, which may be 
solid or have functioning endometrial tissue. Direct commu- 
nication with the radiologist about the differential diagnosis 
before imaging studies is important. On occasion, the unsus- 
pecting radiologist may interpret the small uterine remnants 
as a uterus. Careful attention to the very small dimensions of 
this structure will alert the physician to this possibility. MRI is 
also important to evaluate co-existing anomalies of the urinary 
tract such as renal agenesis and other renal malformations. It is 
critical to diagnose these before surgical treatment. 

The diagnosis, usually made in early adolescence, must be 
explained to the patient with great sensitivity. At a time when 
being like her peers is extremely important, knowledge of 
this diagnosis can be psychologically devastating. Each patient 
must be reassured that her external genitalia appear normal 
and that they will be able to have a normal sex life after the 
creation of a normally functioning vagina. Although usually 
not voiced, the inability to subsequently bear children is a 
major disappointment to teenagers. Fortunately, with assisted 
reproductive technology procedures including in vitro fertil- 
ization and surrogacy, having her own genetic child will be an 
option for many of these young women. 


Receptor Abnormalities and 
Enzyme Deficiencies 


These disorders are secondary to enzyme deficiencies or 
defects in the hormone receptors of the sex steroid pathways. 
Because these affect sex steroid production during embryo- 
genesis, development of the embryo and fetus can be greatly 
affected. Often affecting the embryo during the sexually 
indifferent stage, the absence of specific receptors or enzymes 
can completely change the hormonal environment, which 
leads to discrepancies between genotype and phenotype. The 
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most common syndromes include complete and incomplete 
androgen insensitivity syndrome, 5-a-reductase deficiency, 
17-a-hydroxylase deficiency, vanishing testes syndrome, and 
absent testis-determining factor. 

These disorders, with the exception of complete andro- 
gen insensitivity syndrome, often have variable presenta- 
tions including ambiguous genitalia at birth, inappropriate 
virilization at puberty, and/or lack of pubertal development. 
These are rare, complex disorders that require the attention 
of a subspecialist for proper diagnosis. 


Complete Androgen Insensitivity Syndrome 


This is an X-linked recessive disorder in which there is 
a defect in the androgen receptor leading to testosterone 
resistance. This resistance leads to developmental failure 
of all of the male sexual characteristics that are dependent 
on testosterone. These individuals have a karyotype of XY, 
and they have a normal functioning SRY. The testes develop 
normally during embryogenesis and produce normal levels 
of testosterone. However, because the receptor is defec- 
tive, all downstream development dependent on testoster- 
one does not occur. Specifically, the active development 
of the mesonephric ducts does not take place, leading to 
absence of the seminal vesicle, prostate, ductus deferens, 
and epididymis and maturation and descent of the testes. 
Because the embryo testis is normal, it produces MIS, 
leading to active regression of the paramesonephric ducts. 
This prevents further development of the uterus, fallopian 
tubes, and upper vagina (Fig. 3.6). These individuals are 
genetically male and have testes but are typically female 
in appearance. The testes are not fully developed and are 
often located in the abdomen, inguinal canal, or labia. The 
external genitalia appear normal for a female infant at 
birth. At puberty, the testes make normal or high levels of 
testosterone, which are aromatized to estrogen in the cell, 
leading to normal female secondary sexual characteristics. 
At puberty, breast development occurs, but the areolas are 
pale and the pubic and axillary hair is sparse. Similar to 
those with miillerian agenesis, these patients often pres- 
ent with primary amenorrhea. The diagnosis of complete 
androgen insensitivity syndrome is made with physical 
examination and imaging demonstrating normal female 
external genitalia; absence of the upper vagina, uterus, 
ovaries, and fallopian tubes; high serum testosterone con- 
centrations; and 46 XY karyotype. Please see Table 3.5 for 
the differences between complete androgen insensitivity 
syndrome and miillerian agenesis. Because both disorders 
present without a vagina, the treatment options are the 
same. However, those with complete androgen insensitiv- 
ity syndrome should undergo surgical excision of the testes 
after puberty because of the increased risk of developing 
testicular cancer after age 25. 


Treatment of Congenital Absence of the 
Vagina and Uterus 


The first goal of treatment of congenital absences of the 
vagina, including miillerian agenesis and complete androgen 
insensitivity syndrome, is creation of a functional vagina to 
allow for intercourse. Frank first proposed vaginal dilatation 
with the use of a dilator as a means of creating a neovagina 
in 1938. However, surgical vaginoplasty has remained the 


Table 3.5 Differences in Clinical Presentations 


of Mullerian Agenesis and Complete Androgen 
Insensitivity Syndrome 


Complete Androgen 


Millerian Agenesis Insensitivity Syndrome 


Uterus Absent Absent 
Ovaries Present Absent 
Testes Absent Present (undescended) 
Breast Normal Normal 

development 
Vagina Foreshortened Foreshortened 
Hormone Normal estrogen Normal male 

assay testosterone 
Karyotype XX XY 


preferred method for many years. The success of any tech- 
nique depends in large part on the emotional maturity of 
the patient. Pretreatment counseling and continued support 
during treatment are important. 


Vaginal Dilation 


The simplicity and ease of vaginal dilation and its low com- 
plication rate compared with surgical vaginoplasty dictates 
its use as the initial form of therapy for most patients. The 
American College of Obstetrics and Gynecology released 
a committee opinion in 2002 that recommends nonsurgi- 
cal management of vaginal agenesis as the first mode of 
treatment. 

Frank’s technique of dilation involves actively plac- 
ing pressure with the dilators against the vaginal dimple 
(Fig. 3.10). The patient is not only in an awkward posi- 
tion but the hand applying the pressure can become tired. 
In 1981, Ingram proposed the concept of passive dilation, 
in which pressure is placed on the dilator by sitting on a 
bicycle seat. Roberts reported a success rate of 92% in 
women who dilated the vagina via the Ingram technique 
for 20 min three times a day (2001). The average time to 
creation of a functional vagina was 11 months. This series 
demonstrated that an initial dimple smaller than 0.5 cm 
was all that was necessary to achieve adequate dilation. 
Failure of this technique was not related to the length of 
the vaginal dimple but rather more closely associated with 
the patient’s youth. Failure of this technique was more 
common in patients younger than 18 years of age. 

When the patient expresses a desire to proceed with 
therapy, she is shown the exact location of her vaginal dim- 
ple. The axis of dilator placement is also demonstrated (Fig. 
3.11). The process is initiated by placement of the small- 
est dilator against the dimple. Pressure is kept on the distal 
aspect of the dilator by sitting upon a stool while leaning 
slightly forward. When the dilator fits comfortably, she 
moves to the next size dilator. The patient is instructed 
to use this technique a minimum of 20 min a day, but she 
is encouraged to dilate up to two to three times a day. In 
motivated patients, a functional vagina can be created in as 
few as 12 weeks. Counseling and psychologic support are 
integral to successful treatment. Patients are requested to 
return to the office frequently to allow providers to monitor 
their progress and provide guidance and an opportunity to 
answer questions. Intercourse may be attempted once the 
largest dilator fits comfortably. 


FIGURE 3.10 Examples of vaginal dilators of different sizes. 
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FIGURE 3.11 Schematic drawing of angle of dilator placement. The 
patient is viewed in the lithotomy position and the axis is directed 
away from the bladder. 


Multiple types of graduated dilators made of vari- 
ous materials are present on the market, all of which are 
equivalent in achieving successful outcomes. Patients may 
stop and reinitiate dilation at any time without any nega- 
tive long-term sequelae. Patients are most often interested 
in initiating this therapy the summer before college when 
they are mature enough and motivated to create the vagina. 
However, the timing of therapy is purely dependent on the 
patient’s goals and desires. 


Vecchietti Procedure 


Giuseppe Vecchietti described this method of creat- 
ing a neovagina in 1965. Similar to vaginal dilation, this 
method avoids the use of a graft. The Vecchietti pro- 
cedure is a one-step procedure in which a neovagina is 
created in approximately 7 days by continuous pressure 
on the vaginal dimple using an external acrylic “olive” 
that is connected by retroperitoneal sutures to a spring 


tension device on the lower abdomen. Although the 
original description of the Vecchietti procedure utilized 
laparotomy, this technique is currently performed via 
laparoscopy. 

The first step in this procedure is to use a sharp liga- 
ture carrier (similar to a Stamey needle) to insert one 
end of a No. 2 polyglycolic acid suture through the ret- 
rohymenal dimple into the peritoneal cavity between the 
bladder and the rectum under laparoscopic guidance. The 
other end of this suture is placed through a 3-cm acrylic 
olive or stent. The next step is to use a curved blunt lig- 
ature carrier to retroperitoneally burrow from a lateral 
suprapubic laparoscopic port site to the peritoneal fold 
between the bladder and the uterine rudiment. The end 
of the suture introduced with the sharp ligature carrier 
is placed through the eye of this curved ligature carrier 
and pulled retroperitoneally back through the abdominal 
wall port site incision. This procedure is repeated on the 
opposite side with the other end of the suture. After the 
laparoscope is removed and the abdominal wall incisions 
are closed, the ends of the suture are attached to a supra- 
pubic Vecchietti spring traction device located externally 
on the abdomen. 

Constant traction is applied postoperatively to the 
perineal olive by daily readjustment of the tension of the 
sutures and traction device. The neovagina lengthens by 
1 to 2 cm per day, such that a 10- to 12-cm vagina is cre- 
ated in 7 to 9 days. After creation of the vagina, the olive 
(now located at the apex of the neovagina) is removed 
and the patient is sent home with a vaginal mold in place. 
After surgery, it is important to initiate regular sexual 
intercourse or routinely use dilators to maintain vaginal 
length. 

Vecchietti reported a series of over 500 patients with a 
success rate of 100% and only nine complications, includ- 
ing one bladder and one rectal fistula (1992). Several 
smaller studies have subsequently been reported by other 
surgeons with similar outcomes. A 3-year follow-up study 
by Kaloo assessed functional and psychologic outcomes 
in five patients (2002). All five subjects reported having 
a functioning vagina allowing satisfactory intercourse and 
improvement in general well-being. 


McIndoe Procedure 


The traditional surgical management of vaginal agenesis is 
to create a vaginal space followed by placement of a lining 
to prevent stenosis. Multiple native tissue grafts and at least 
one synthetic graft have been used to line this cavity with 
varying degrees of success in preventing subsequent stenosis 
of the neovagina (Table 3.6). 

The most widely used surgical technique for creation of 
a neovagina is the McIndoe operation. The first step of the 
procedure is obtaining the split thickness skin graft. The 
plastic surgery team typically acquires the skin graft from 
the buttock or inner thigh—two locations usually covered 
by clothing. The patient is placed in either the lithotomy 
or the prone position, and the site is cleansed with an anti- 
septic solution and then soaked with an epinephrine saline 
gauze to allow for vasoconstriction of small punctuate 
bleeding sites. Mineral oil is applied to the donor site, and 
the skin is held taught while the electrodermatome device 
is used to obtain a thick split thickness skin graft. The skin 
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Table 3.6 Surgical Methods of Creating a 


Neovagina 


Dissection of a perineal 
space 


Split thickness skin graft (Mclndoe) 
Full thickness skin graft 
Peritoneum (Davydov) 

Tissue engineering 

Muscle and skin flap 

Adhesion barriers 

Tissue expansion 


Bowel vaginoplasty Sigmoid colon 


Vulvovaginal pouch Williams vaginoplasty 


Traction on retrohymeneal Vecchietti 


fovea 


FIGURE 3.12 Skin graft is sutured around a mold. 


graft should be 0.015 to 0.018 inches thick. After applica- 
tion of an antiseptic solution, the donor site is covered with 
a transparent adhesive film which is fixed in place by several 
stitches. Within 2 to 3 weeks the area heals with accept- 
able scarring. The skin graft is placed thru a 1:5 ratio skin 
mesher. The purpose of meshing the skin is not to stretch 
the skin but rather to allow for escape of any underlying 
blood clots or serous fluids. This skin graft is sutured around 
a mold with 4-0 absorbable suture (Fig. 3.12). It is impor- 
tant that the mold is covered completely by the graft. Any 
uncovered sites due to lack of sufficient tissue or a gaping 
hole in the suture line tend to result in the formation of 
granulation tissue. Thus, great care must be taken to obtain 
a sufficient amount of graft for this procedure. 

The patient is placed in the dorsolithotomy position. A 
transverse incision is made in the vaginal vestibule, between 
the rectum and urethral openings (Fig. 3.13). In a patient 
who has not had prior surgery or radiation in the area, areo- 
lar tissue is now encountered. This tissue is easily dissected 
with either fingers or a Hagar dilator on either side of a 
median raphe (Fig. 3.14). The dissection is continued for at 
least the length of the mold without entering the peritoneal 
cavity. By cutting the median raphe, the two channels are 
then connected. If the dissection is performed in this man- 
ner, then minimal bleeding is encountered. Any bleeding 
sites must be controlled meticulously to avoid lifting of the 
graft from the newly created vaginal wall and subsequent 
nonadherence and necrosis. 


FIGURE 3.13 The initial transverse cut is made on the tissue between 
the urethra and rectum. 


After creation of the vaginal space, the mold covered 
with the skin graft is placed inside of the cavity (Fig. 3.15). 
At the introitus, the skin graft is attached with several sepa- 
rate 3-0 absorbable stitches. To hold the mold in place, sev- 
eral loose, nonreactive sutures such as 2-0 silk are used to 
approximate the labia minor in the midline. 

During the ensuing week, the patient is maintained on 
bed rest with broad-spectrum antibiotics, a low-residue 
diet, an indwelling catheter, and an agent to decrease bowel 
motility. Upon return to the operating room in 1 week, the 
mold is carefully removed. After the vaginal cavity is irri- 
gated with warm saline, the graft site is carefully assessed 
for any signs of necrosis or underlying hematoma. Another 
soft mold is then reinserted and kept in place for the next 
3 months except during defecation and urination. Night- 
time usage of the mold is recommended for the next 6 
months. To prevent contracture of the vagina, the patient 
is instructed to reinsert the mold during extended times of 
sexual inactivity. 

Because of concern regarding tissue necrosis from mold 
pressure and subsequent fistula formation, rigid and soft 
molds have been used for this procedure (Figs 3.16 and 3.17). 
Soft molds theoretically decrease the risk of fistula formation 
that can result from avascular necrosis. A soft mold can be 
created by covering a foam rubber block with a condom. The 
foam is able to expand and fit the neovaginal space, thereby 
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FIGURE 3.14 Placement of Hagar dilator to create space for the 
graft. The direction of the Hagar dilators is posterior. 


providing equal pressure throughout the canal. However, a 
report by Alessandrescu on the use of a rigid mold on 201 
patients who underwent the McIndoe operation demon- 
strated a fistula formation rate of less than 1% (1996). There 
is no study comparing the outcomes of soft versus rigid molds 
in this operation. Typically, a rigid mold is used initially, but 
the patient is sent home with a soft mold in place. 

Difficulty in dissecting the space between the bladder 
and rectum and increased probability of bleeding and fistula 
formation are encountered in the patient with a prior vagino- 
plasty procedure. Other problems that may be encountered 
include a narrow pubic arch, strong levators, a short perineum, 
prior hymenectomy, and a congenitally deep cul-de-sac. Sur- 
gical complications include postoperative infection and hem- 
orrhage, failure of graft and formation of granulation tissue, 
and fistula formation. In general, the incidence of complica- 
tions is low: rectal perforation in 1%, graft infection in 4%, 
and graft site infection in 5.5% of patients. In a review of 50 
patients by Buss, two rectovaginal fistulas and one graft fail- 
ure were reported (1989). Five patients (10%) required an 
additional operative procedure. Eighty-five percent of these 
patients considered their surgery to be a success. 

An 80% success rate has been reported with this pro- 
cedure. Because success rates are highest in those patients 
that have not undergone prior vaginoplasty, patients must 
be counseled extensively before surgery regarding the need 


FIGURE 3.15 The mold with the graft in placed in the space. Notice 
that the space to be created must completely accommodate the 
mold. 
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FIGURE 3.16 Hard glass mold. 


for prolonged use of the mold. Indeed, part of the presur- 
gical assessment involves determination of patient matu- 
rity and motivation concerning use of dilators. Lack of 
compliance with the postoperative use of dilators will lead 
to contracture and diminishment of vaginal length. Long- 
term data on the McIndoe procedure, although limited, 
consistently indicate an improvement in quality of life. In 
a series published by Mobus of 44 patients who underwent 


FIGURE 3.17 Adjustable vaginal mold by Mentor, Minneapolis, MN. 


a surgical procedure to create the vagina, 82% achieved a 
functional satisfactory postoperative result (1996). Vaginal 
length varied from 3.5 to 15 cm. In another long-term study 
by Klingele evaluating women who underwent a McIndoe 
procedure, 79% of the patients reported improved quality 
of life, 91% remained sexually active, and 75% regularly 
achieved orgasm (2003). 

The newly created vagina must be inspected at the time 
of the yearly pelvic examination. Hair growth has been 
reported to be a problem with some skin grafts. Transfor- 
mation to squamous cell carcinoma from skin graft has been 


described. 


Peritoneal Graft: Davydov Procedure 


Use of the peritoneum to line the newly created vaginal 
space was popularized by Davydov, a Russian gynecologist, 
and it was first described by Rothman in the United States 
in 1972. In the original description, a laparotomy is per- 
formed after creation of the vaginal space as described in 
the previous section for the McIndoe operation. 

A cut is made on the peritoneum overlying the new 
vagina. Long sutures are applied to the anterior posterior 
and lateral sides of this peritoneum. The sutures are then 
pulled down through the vaginal space, thus pulling the 
peritoneum to the introitus. The edge of the peritoneum 
is then stitched to the epithelium of the introitus. Clos- 
ing the peritoneum on the abdominal side forms the top 
of the vagina. Several investigators have also described the 
laparoscopic modification of this procedure. This procedure 
may have several advantages compared with the traditional 
McIndoe procedure. The most significant advantage is the 
avoidance of donor-site morbidity or cosmetic compromise 
that is typically associated with the McIndoe procedure. In 
addition, there is no unappealing hair growth or risk of graft 
rejection with the Davydov procedure. 

In Davydov’s first reported series in 1980, sexual inter- 
course was initiated within several weeks of surgery in all 
but 1 of his 30 patients. On follow-up, the length of the 
vagina was noted to be 8 to 11 cm. Soong et al. (1996) 
published a series of 18 patients who underwent the lap- 
aroscopic modification of this procedure: 85% reported 
being sexually satisfied during an 8- to 40-month follow- 
up. Although there was one report of a rectovaginal fistula 
18 months after the surgery, there was no evidence of vault 


prolapse or enterocele formation. Minor granulation tissue 
was noted at the vaginal cuff, but the vault was primarily 
covered with squamous epithelial tissue. 


Adhesion Barrier Lining 


Jackson first described the use of an adhesion barrier to 
line the neovagina in 1994. Oxidized regenerated cellulose 
(INTERCEED®; Johnson and Johnson Patient Care, Inc., 
New Brunswick, NJ) forms a gelatinous barrier on raw sur- 
faces; thus, it prevents adhesion formation. After creation 
of the vaginal space, sheets of cloth-like oxidized regener- 
ated cellulose are wrapped around the mold and placed in 
the vagina in a manner similar to the McIndoe procedure. 
The neovaginal space must be free of any bleeding. Epitheli- 
alization is noted to occur within 3 to 6 months. Small areas 
of granulation tissue may be seen at the apex of the vagina 
and resolve after application of silver nitrate. The average 
vaginal depth ranges from 6 to 12 cm. Continuous use of 
the mold is encouraged until complete epithelialization has 
occurred. 

A case series by Motoyama et al. (2003) assessed the 
outcome of this technique on ten patients with vaginal agen- 
esis. Complete squamous epithelialization was noted within 
1 to 4 months. When compared with a normal vagina, fern 
formation was noted and the vaginal pH was always acidic. 
However, none of the women complained of vaginal dry- 
ness or foul-smelling discharge. Patients who were sexually 
active did not report any problems. 

The advantages of the use of oxidized regenerated cel- 
lulose include avoidance of any scars, a readily available 
product, and low expense. In addition, the surgical proce- 
dure is simplified into a one-stage procedure. Although the 
reported data appear encouraging, confirmatory studies are 
required before the use of oxidized regenerated cellulose 
can be recommended without reservation. 


Tissue Engineering 


The first case in which in vitro cultured vaginal tissue was 
used to line the neovagina was published by Panici et al. 
(2007). A 1-cm? biopsy was performed from the vulvar ves- 
tibule. Autologous keratinocyte cultures were created from 
this biopsy. The McIndoe procedure was used to create the 
vaginal space, and the autologous in vitro cultured tissue was 
used to line the cavity. The length of the vagina was reported 
to be normal. Of course, long-term data are currently lack- 
ing, as is information on vaginal stenosis. However, if proven 
to be effective, this method of creating a vagina may lead to 
increasing popularity of the McIndoe procedure given the 
lack of concomitant scars on the skin. 


Muscle and Skin Flap 


These approaches are not the procedures of choice for 
women with congenital absence of the vagina. However, 
they may be used for those who require vaginal reconstruc- 
tion after exposure to radiation or multiple surgical proce- 
dures. The advantage of using a full-thickness skin flap is 
that it avoids the problem of contracture encountered with 
split thickness grafts. 

The use of gracilis myocutaneous flaps and rectus 
abdominus myocutaneous flaps for vaginal reconstruction 
have been reported. These approaches have been asso- 
ciated with a conspicuous scar and a higher failure rate. 
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An alternative approach, introduced by Wee and Joseph 
in Singapore, created flaps that maintained good blood 
supply and innervation (1989). Known as a “pudendal- 
thigh flap vaginoplasty,” this technique has been particu- 
larly successful in patients with vulvar anomalies. In one 
study by Monstrey et al. (2001) of patients with miille- 
rian agenesis, 100% success in creating a functional vagina 
was reported. 

The patient’s own labia majora and labia minora have also 
been used to create a vagina. Tissue expansion has also been 
advocated to create labiovaginal flaps, which are then used 
to line the neovagina. Other modifications of this procedure 
have been reported. 


Bowel Vaginoplasty 


Similar to muscle and skin flaps, bowel vaginoplasty is not 
the procedure of choice in women with congenital absence 
of the vagina. However, this technique can be used for 
vaginal reconstruction in patients who have either under- 
gone pelvic radiation or in cases of previously failed vagi- 
noplasty procedures. For this procedure, also known as a 
colocolpopoiesis, a portion of the large bowel or sigmoid 
colon with its preserved vascular pedicle is sutured into 
the neovagina. Continuous use of dilators is not considered 
necessary, although constriction has been noted when the 
ilium has been used. Success rates of up to 90% have been 
reported, but reported complications include profuse vagi- 
nal discharge, prolapse, introital stenosis, bowel obstruc- 
tion, and colitis. Finally, there is a report of a mucinous 
adenocarcinoma arising in a neovagina lined with the sig- 
moid colon. A laparoscopic modification of this procedure 
has also been described. Given the increased complica- 
tion rates, it seems appropriate to reserve this treatment 
modality for complex situations in which a prior vagino- 
plasty technique has failed or when there are multiple uro- 
genital malformations. 


Longitudinal Vaginal Septum 


A longitudinal vaginal septum is an example of a lateral 
fusion defect and is typically associated with uterine anoma- 
lies such as septate uterus and uterus didelphyis. The sep- 
tum that divides the vagina can be either nonobstructing 
or obstructing. A nonobstructing vaginal septum is often 
asymptomatic and discovered at the time of a pelvic exam 
or childbirth. A woman with an obstructing vaginal septum 
often presents with increasingly severe dysmenorrhea and a 
unilateral vaginal mass. 


Nonobstructing Longitudinal Vaginal Septum 


Nonobstructing longitudinal vaginal septa account for 12% 
of the malformations of the vagina. Although most are 
asymptomatic, some patients complain of continued vaginal 
bleeding despite placement of a tampon, difficulty remov- 
ing a tampon, or dyspareunia. The septum may be complete 
or partial and can exist in any portion of the vagina (Fig. 
3.18). The vaginal cavities created by a septum may be dis- 
proportionate in size and therefore the septum may be eas- 
ily missed during physical examination. Once the diagnosis 
is made, the uterus and renal anatomy should be assessed for 
associated anomalies. In one study by Haddad et al. (1997), 
60% of patients with longitudinal vaginal septa were found 
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FIGURE 3.18 Nonobstructing longitudinal vaginal septum. 


to have a bicornuate uterus. Other investigators have noted 
a predominance of didelphic uteri in such cases. 

A longitudinal vaginal septum should be removed in 
patients with complaints of dyspareunia and those who 
desire to be able to effectively use a tampon. In cases of 
didelphic uteri, removal of the septum may be necessary 
to allow for sufficient access to each cervix for pap smears. 
Some obstetricians advocate removal of a longitudinal vagi- 
nal septum before delivery to avoid potential dystocia and 
laceration of the septum. The number of patients with vagi- 
nal septa who have had successful vaginal deliveries remains 
unknown. However, emergent resection of a vaginal sep- 
tum at the time of delivery to resolve dystocia has been 
reported. It seems reasonable to remove a thick longitudinal 
septum before pregnancy or before delivery if discovered 
during pregnancy. 

The goal of surgery is removal of a wedge of tissue with- 
out damaging the cervix, bladder, or rectum. A Foley cath- 
eter is placed in the bladder. Because longitudinal vaginal 
septa are well vascularized, the anterior border of the sep- 
tum, followed by the posterior border, are removed using 
unipolar electrosurgery. Care must be taken not to remove 
the septum too close to the vaginal wall because this will 
leave larger mucosa defects. The edges of these mucosal 
defects are reapproximated with 2-0 absorbable suture. 
Postoperative use of a vaginal mold is not necessary. 


Obstructing Longitudinal Vaginal Septum 


Women with an obstructing longitudinal septum usually 
have normal-onset menarche and increasingly severe dys- 
menorrhea. These patients are most likely to have a didel- 
phic uterus. One of the uteri has a patent outlet; the other 
is obstructed (Fig. 3.19). If the obstruction is low in the 
vagina, then eventually a bulge may be noted upon examina- 
tion of the lower canal. However a higher obstruction may 
be completely missed with just visual inspection, which is 
frequently the case in an adolescent. Digital examination 
may reveal a tense bulge in the vaginal wall (Fig. 3.20). In 
many instances the bulge is toward the anterior portion 
of the vagina between the 12:00 to 3:00 positions or the 
9:00 to 12:00 positions because of the rotation of the two 
cervices. 

Ultrasonography of the pelvis will usually show a pel- 
vic mass, which can be misleading unless a vaginal septum 
is considered in the differential diagnosis. MRI is the best 


FIGURE 3.20 An obstructing longitudinal septum usually presents as 
a bulge in the vagina. 


imaging mode for definitively diagnosing this abnormality. 
Like other miillerian anomalies, a longitudinal vaginal sep- 
tum is associated with renal abnormalities, including absent 
kidneys, pelvic kidneys, and duplicate ureters. 

Some longitudinal septa will be found to be only par- 
tially obstructing, and a small opening in the septum can be 
found during menses with close inspection. Symptoms may 
vary from irregular and prolonged bleeding to profuse vagi- 
nal discharge. Occasionally, the pinpoint opening provides a 
pathway for organisms to access the obstructed vagina lead- 
ing to pelvic infection and pyocolpos. Physical examination 
is unlikely to reveal a tense bulge, but a slight fullness may 
sometimes be appreciated in the paravaginal area. 

Accurate delineation of anatomy is a prerequisite for 
surgical excision of a noncommunicating longitudinal vagi- 
nal septum. The first step is to place a needle into the 
bulging vaginal wall to identify the correct plane of dissec- 
tion. Once blood extrudes from the needle, the adjacent 
tissue is incised with electrosurgery to gain access into the 


obstructed vagina. Allis clamps are placed on the edges 
of this incision, and the cavity is assessed. When remov- 
ing the medial border of this septum, care must be taken 
to avoid damaging the urethra. The septum should be 
removed in its entirety to allow easy access to the second 
cervix for pap smears. The raw mucosal edges are approxi- 
mated with 2-0 absorbable suture. Use of a vaginal mold 
after surgery is not necessary because it would be impos- 
sible for the patient to consistently place the stent in the 
correct position. In difficult cases, use of either a resecto- 
scope or hysteroscope to remove the longitudinal vaginal 
septum has been described. 

The previously hidden cervix and obstructed vaginal 
canal will often appear abnormal. The cervix is usually flush 
with the vaginal fornix and often appears erythematous 
and glandular. Histologically, the obstructed vaginal canal 
and septum on its obstructed side will have a columnar 
epithelium and glandular crypts. Some patients may com- 
plain of profuse vaginal discharge after removal of the sep- 
tum. Metaplastic transformation of the vaginal mucosa to a 
mature squamous epithelium can take many years. 

Simultaneous laparoscopy during removal of a vaginal sep- 
tum is not recommended unless the diagnosis is unclear on 
MRI or imaging studies indicate concomitant pelvic masses. As 
in all cases of obstructive miillerian anomalies, endometriosis 
is frequently encountered, even if the septum is only partially 
obstructing. With the possible exception of endometriomas, 
excision of the endometriosis is not recommended because 
these lesions will regress after removal of the obstruction. The 
obstetric outcome of such patients is similar to that reported 
for patients with simple uterine didelphis. Pregnancy rates of 
87% and live birth rates of 77% have been reported. 


Transverse Vaginal Septum 


A transverse vaginal septum results when there is fail- 
ure of fusion and/or canalization of the urogenital sinus 
and paramesonephric ducts. The incidence of a transverse 
vaginal septum appears to be between 1 in 21,000 and 1 
in 72,000. A transverse vaginal septum may be located in 
the upper (46%), middle (40%), and lower (14%) third of 
the vagina. A transverse vaginal septum may be complete 
or incomplete and varies in thickness (Figs 3.21 and 3.22). 

Patients with a complete transverse vaginal septum gen- 
erally complain of primary amenorrhea in early to midpu- 
berty. Pelvic pain is a common, but not universal, presenting 
complaint. Patients with high transverse vaginal septa are 
most likely to experience pelvic pain, and the pain will man- 
ifest earlier than in patients with septa located lower in the 
vagina. This is believed to be secondary to decreased space 
for the hematocolpos that ensues after initiation of menses. 
Patients with an incomplete transverse vaginal septum may 
complain of profuse vaginal discharge, dyspareunia, inability 
to insert a tampon, or tear during intercourse with resul- 
tant bleeding. If asymptomatic, then it may not be discov- 
ered until a routine gynecologic examination. Very rarely a 
transverse vaginal septum may be detected in an infant or 
young child. In such instances, a mucocolpos can present 
as an abdominal mass. If large enough, then this mass may 
cause ureteral obstruction with secondary hydronephrosis. 
Compression of the vena cava and cardiopulmonary failure 
has also been reported. 
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FIGURE 3.21 Complete transverse septum. Notice that there is no 
bulge with a Valsalva maneuver that would be seen with an imper- 
forate hymen. 
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FIGURE 3.22 Partial transverse septum. 


Manual and speculum examination provide the most 
important information for diagnosis of a transverse vaginal 
septum. If the septum is very low, then a vaginal opening 
may not be appreciated on evaluation of the external geni- 
talia. A low transverse vaginal septum can usually be differ- 
entiated from an imperforate hymen by visual inspection. 


By increasing intra-abdominal pressure and increasing the 
bulge of the imperforate hymen, the Valsalva maneuver 
may further assist in this differentiation. If an opening to 
the vagina is noted, then a manual or speculum exam may 
reveal a higher location of the septum. A rectal exam is very 
helpful in detecting a hematocolpos because the bulge is 
readily palpable. 

Transperineal and transabdominal ultrasonography can 
sometimes diagnose and determine the thickness of a trans- 
verse vaginal septum. However, in most cases an MRI of 
the pelvis will be required to differentiate a transverse vagi- 
nal septum from other miillerian anomalies such as cervical 
agenesis. These patients should also be evaluated for asso- 
ciated anomalies, including aortic coarctation, atrial septal 
defects, urinary tract anomalies, and malformations of the 
lumbar spine. 

Surgical removal of a transverse vaginal septum is rec- 
ommended as soon as practical after diagnosis to avoid 
continued retrograde menstruation. Endometriosis is com- 
mon in patients with a transverse vaginal septum. How- 
ever, removal of endometriosis lesions is not recommended 
because relief of the obstruction leads to their spontaneous 
resolution. Delay in detection or treatment of a transverse 
vaginal septum may impair fertility secondary to irreversible 
pelvic adhesions, hematosalpingies, and endometriosis. In 
one long-term follow-up study by Rock of 19 patients with 
transverse septa, 47% became pregnant (1982). However, 
a small study in Finland by Joki-Erkkila showed a consider- 
ably higher live birth rate in women who had undergone 
very early diagnosis and management of their transverse 
vaginal septa (2003). 

The unfortunate consequence of very early surgical man- 
agement is an increased rate of vaginal stenosis after surgical 
repair. This is most likely due to inconsistent use of vaginal 
dilators by young adolescents, which are a necessary part of 
treatment of a thick vaginal septum (see next paragraph). 
An alternative to early surgery for very young patients is 
medical termination of monthly endometrial shedding using 
depot medroxyprogesterone to postpone surgery. The young 
girl can be instructed to dilate the distal vagina to stretch the 
distal vaginal mucosa, potentially decreasing the need for a 
graft, and to prepare her for postoperative use of the dilator. 

The thickness and location of the septum will determine 
the best approach to surgery. Thin, low, transverse vaginal 
septa are much easier to repair than thick, usually high 
septa. Transverse septa that are thin and low in the vagina 
can usually be excised without difficulty. If a slight bulge 
cannot visually be appreciated on examination, then an 
angiocath needle is placed through the septum (Fig. 3.23). 
With return of thick blood through the angiocath, the plane 
of dissection becomes clear. Access is gained into the upper 
vaginal cavity by perforating the transverse septum with 
unipolar electrosurgery or scissors (Fig. 3.24). Concomi- 
tant pelvic ultrasound can also assist with the correct axis 
of incision. The septum is excised in its entirety, and the 
upper vaginal mucosa is reapproximated to the lower vagi- 
nal mucosa using 2-0 absorbable suture (Fig. 3.25). In most 
instances, to prevent stenosis of the vagina, continual use 
of a mold is recommended for several weeks after surgery. 

Managing thick transverse septa can be quite challenging. 
Before surgery, the patient must be prepared for prolonged 
use of a mold and a possible split thickness skin graft to 


FIGURE 3.23 Placement of angiocath into the transverse septum. 
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FIGURE 3.24 Angle of incision into septum. 


line the vagina. The main concern is potential rectal injury; 
therefore, a mechanical bowel preparation or preoperative 
enema is recommended. During surgery, a bulge will not be 
seen in the presence of a thick transverse septum. The cor- 
rect angle of dissection can be determined by inserting an 
angiocath needle into the hematocolpos under ultrasound 
guidance. In difficult cases, the septum can be approached 
transfundally via the uterus using laparoscopy or laparotomy. 

The dissection is performed taking care to protect the 
bladder and rectum. A Foley catheter is placed into the blad- 
der. As the loose areolar tissue is being dissected, the rec- 
tum is frequently examined to ensure an appropriate angle 
of dissection. If there is inadvertent entry into the bladder 
or the rectum, then the procedure should be stopped and 
completed at a future date. After the cervix is visualized, 
the goal is to reapproximate the upper vaginal epithelial tis- 
sue to the lower vaginal epithelium. 


FIGURE 3.25 Reapproximation of distal and proximal vagina mucosa 
after excision of the septum. 


If a thick septum is completely incised, then the distance 
between the vaginal mucosa of the proximal and distal por- 
tions of the vagina may be so great that the edges cannot be 
reapproximated without tension. For this reason, a z-plasty 
technique, as first described by Garcia et al. (1967), should 
be considered for correction of thick transverse vaginal septa 
or when the vagina is short. For this technique, four lower 
mucosal flaps are created by making oblique crossed inci- 
sions through the vaginal tissue on the perineal side of the 
transverse septum, taking great care to avoid injuring either 
the bladder or rectum. Four upper mucosal flaps are cre- 
ated by making oblique crossed incisions through the vaginal 
tissue on the hematocolpos side of the transverse septum. 
The upper and lower mucosal flaps are separated by sharp 
and blunt dissection and are sutured together at their free 
edges to form a continuous z-plasty. Excellent results have 
been noted by Wierrani et al. (2003) on 13 patients who 
underwent this procedure. A vaginal mold must be used for 
5 to 8 weeks after the procedure to avoid vaginal stenosis. If 
the girl is not sexually active, then a dilator should be used 
at night for 6 to 8 additional months. The patient should 
be instructed in self-examination and should return if she 
notices any signs of early stenosis. In cases of a thick septum 
in which a z-plasty technique is not used, a skin graft may 
be required. The technique used is similar to that described 
for the McIndoe procedure. Prolonged use of a mold is post- 
operatively required. 


Anomalies of the Hymen 


Hymenal anomalies are derived from the incomplete degen- 
eration of the hymen at birth. There are several variants, 
including imperforate, microperforate, septate, and cribi- 
form. Imperforate hymen is the most common congenital 
anomaly of the female reproductive tract, occurring in 1 in 
1000 women. Females present either at birth with a bulging 
hymen secondary to mucocolpos or at menarche with cyclic 
pelvic pain and hematocolpos. Distension of the vagina may 
lead to additional symptoms of a hymenal membrane with 
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bluish discoloration and defecatory and voiding dysfunc- 
tion. An imperforate hymen is sometimes discovered during 
a well-child check at the pediatrician. 

Repair of the imperforate hymen is best undertaken after 
the tissue has undergone estrogenic stimulation. Therefore, 
the ideal time is as a neonate (because of maternal estrogenic 
effects) or in the postpubertal/premenarchal girl. Repair of 
the imperforate hymen is not recommended between these 
times because of a lack of estrogen in the pediatric vagina. 

Under anesthesia, an incision is made in the imperforate 
hymen. This can be a stellate or elliptical incision. The bor- 
ders of the incision should approximate the hymenal ring. 
Excess tissue is excised with electrocautery to create a nor- 
mal-sized orifice and the vaginal epithelium is sutured to 
the hymenal ring using absorbable suture. 


Summary 


Anomalies of the genitourinary tract are common, and a 
basic knowledge of the embryology of this system is nec- 
essary for the diagnosis and successful treatment of these 
patients. A careful history, physical examination, and 
imaging (most often MRI) are critical to make the correct 
diagnosis and subsequently offer appropriate treatment. 
Because of the close embryologic development of the uri- 
nary and genital systems, patients with congenital anoma- 
lies of the genital tract must also be evaluated for anomalies 
of the urinary tract, such as renal anomalies. Management 
is based on the type of anomaly. Although the first-line 
treatment is usually conservative management with vaginal 
dilation for patients with congenital absence of the vagina, 
surgical treatment is often required for these patients. Sur- 
gical management is often most appropriate for those with 
other types miillerian anomalies such as vaginal septum and 
imperforate hymen. 
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Introduction 


The two functions of the lower urinary tract are the stor- 
age of urine within the bladder and the timely expulsion 
of urine from the urethra. The precise neurologic path- 
ways and neurophysiologic mechanisms that control these 
functions of storage and micturition are complex and not 
completely understood, with many of these pathways 
adapted from animal models. Understanding the inter- 
action of the autonomic nervous system, the peripheral 
nervous system, and the central nervous system (CNS) 
in lower urinary tract function is critical to patient care. 
Until recently, neural pathways were thought to be static 
with little opportunity for change. However, an extremely 
important concept, appreciated for its application to 
treatment of lower urinary tract dysfunction, is the prin- 
ciple of neuroplasticity as it applies to the pathways and 
mechanisms. The nervous system is composed of varying 
sizes and types of nerves. They are classified generally 
by size. The largest, myelinated, fast-conducting A alpha 
nerves are sensory (afferent) nerves conveying touch, or 
motor (efferent) nerves activating large muscles. The 
smallest, nonmyelinated C nerve fibers are slow-con- 
ducting nerves that convey pain and temperature on the 
sensory side or act as postganglionic autonomic nerves on 
the motor side. The bladder afferent nerves are largely C 
fibers at birth, until maturation changes the afferents to 
A delta (lightly myelinated, small) fibers. It is now appre- 
ciated that bladder insults, such as obstruction, bladder 
inflammation, or spinal cord disease, affecting pathways 
involved in lower urinary tract function lead to neuroplas- 
tic changes in which the afferents again become C fibers 
as the bladder’s response to the insults. Understanding 
the anatomy and physiology of the basic reflex pathways 
and central voluntary control involved in lower urinary 
tract function is necessary, but appreciating the dynamic 
ability of the neurons to modify these pathways is essen- 
tial to the application of modern therapies. This chapter 
reviews normal and abnormal function, neurologic con- 
trol, and clinical pharmacology of the lower urinary tract 
in women. 
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General Nervous System Arrangements 


The nervous system is composed of neurons (nerve cells) 
with characteristic functions of propagation and transmis- 
sion of signals. A neuron propagates a signal, the “action 
potential,” along an axon and then transmits the signal to 
another neuron or an end organ to elicit a response (e.g., 
a muscle contraction). The neural propagation depends 
on electrical events, with channels allowing ions to move 
through the cell membrane that depolarizes the mem- 
brane and establishes electrical current (saltatory conduc- 
tion in myelinated nerves) that conveys action potentials 
to the junctions of the nerve with another nerve or with 
end organs. At this site, chemical events that depend on 
neurotransmitters and receptors affect action potentials in 
the second nerve or end organ to elicit the response. Neu- 
rotransmitters are chemicals, selectively released from a 
nerve terminal by an action potential, that interact with a 
specific receptor on an adjacent structure and elicit a spe- 
cific physiologic response. Most neurotransmitters come 
from the nine essential amino acids. Some neurons modify 
the amino acid to form “amine” transmitters; for example, 
norepinephrine (NE), serotonin, acetylcholine, and others 
combine to form peptides. The chemical event at the junc- 
tion gives origin to further electrical events in the secondary 
neurons or in the end organs. These chemical synapses can 
be excitatory (Nat channels open, and Na* influx depolar- 
izes and creates action potentials) or inhibitory (C17 and 
K+ channels allow influx and egress, and hyperpolarization 
develops, preventing action potential development). 

The nervous system is arranged into the central and the 
peripheral systems. The CNS includes the brain and spinal 
cord. Within the brain and spinal cord, nerve cell bodies are 
arranged in groups of various sizes and shapes called nuclei. 
Fibers with a common origin and destination are called a 
tract; some are so anatomically distinct that they may be 
called fasciculus, brachium, peduncle, column, or lemniscus. 
Synaptic relationships in the CNS are very complex, with 
contacts occurring between axons and cell bodies, axons and 
dendrites, cell body and cell body, or dendrite and dendrite. 

Twelve pairs of cranial and 31 pairs of spinal nerves with 
their ganglia compose the peripheral nervous system. Syn- 
aptic relationships in the peripheral nervous system involve 
only neuron-neuron or neuron-effector interactions. The 
somatic component of the peripheral system innervates 
skeletal muscle and receives somatic sensory input. 

The autonomic division innervates cardiac muscle, 
smooth muscle, and glands; is involved with ganglionic activi- 
ties; and is indirectly involved in conveying visceral afferent 
input. The autonomic nervous system consists, in part, of 
general visceral efferent fibers, supplying the smooth muscle 
of viscera. General visceral afferent fibers are closely asso- 
ciated with the autonomic efferents, and both the motor 
and sensory visceral neural activities ordinarily function at 
a subconscious level. Unlike the somatic motor system, the 
peripheral efferent autonomic fibers reach the effector organ 
by at least a two-neuron chain, constituting a preganglionic 
and a postganglionic neuron. The preganglionic neuron arises 
in the intermediolateral cell column of the brainstem or spi- 
nal cord and terminates at an outlying ganglion, where the 
postganglionic neuron continues the impulse transmission to 
the end organ. Fibers arising from the intermediolateral cell 


column of the 12 thoracic and first two lumbar segments of 
the spinal cord constitute the sympathetic division (thoraco- 
lumbar) of the autonomic nervous system. The parasympa- 
thetic division (craniosacral) consists of fibers arising from 
the second through the fourth intermediolateral cell column 
sacral segments and from cranial outflows. 

Sympathetic nerves to the pelvic cavity originate in cord 
levels T5 to L2. Generally, their two-neuron chain consists 
of short preganglionic fibers and long postganglionic fibers. 
Some preganglionic axons pass via white rami communican- 
tes to the paravertebral sympathetic chain, synapse, and pass 
by gray rami communicantes to the skeletal nerves. These 
constitute the paravertebral sympathetics, and they gener- 
ally follow the segmental nerves to somatic structures. The 
other preganglionic sympathetic axons pass directly through 
the paravertebral ganglia to the prevertebral ganglia located 
at roots of arteries, for which they are named (e.g., lumbar 
splanchnic nerves terminate in inferior mesenteric and hypo- 
gastric ganglia). After synapsing in these ganglia, the post- 
ganglionic nerves travel through the right or left hypogastric 
nerve to join the pelvic plexus and follow the visceral arteries 
to the organs of the lower abdomen and pelvis. These consti- 
tute the prevertebral sympathetics. In addition to these two 
pathways, preganglionic sympathetic fibers may also ascend 
or descend within the paravertebral ganglia chain before syn- 
apsing or passing through to the prevertebral ganglia. 

Pelvic parasympathetic system preganglionic fibers origi- 
nate in spinal segments S2 through S4. The long pregan- 
glionic fibers travel through the pelvic nerve to join the 
hypogastric nerve in forming the pelvic plexus. These fibers 
continue to ganglia located within or very near the organs 
that they supply, thus having very short postganglionic fibers 
and much longer preganglionic fibers. 


Neural Control of the Lower 
Urinary Tract 


Local innervation is chiefly by parasympathetic and sym- 
pathetic autonomic and peripheral somatic motor and sen- 
sory systems. A summary of the neural pathways involved in 
bladder filling and voiding is shown in Figures 4.1 and 4.2. 


Autonomic Nervous System 


The autonomic nervous system controls the lower urinary 
tract by its actions on the ganglia, detrusor muscle, and 
smooth muscle of the trigone and urethra. 


Sympathetic Actions on Detrusor Muscle 
and Ganglia 


During physiologic bladder filling, little or no increase in 
intravesical pressure is observed, despite large increases in 
urine volume. This process, called accommodation, is caused 
primarily by passive elastic and viscoelastic properties of the 
smooth muscle and connective tissue of the bladder wall. 
During filling, muscle bundles in the bladder wall undergo 
reorganization, and the muscle cells are elongated up to four 
times their length. As bladder filling progresses, at a certain 
bladder wall tension, a desire to void is felt, although it has 
not been determined where this sensation is processed in the 
brain. Mechanoreceptors in the bladder wall are activated 
(Aò fibers), and action potentials run with afferents following 


FIGURE 4.1 Peripheral innervation of the female 
lower urinary tract. 
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FIGURE 4.2 Actions of the autonomic 
and somatic nervous systems during 
bladder filling/storage and voiding. 
Only sympathetic receptors (a and ß) 
are shown. 
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parasympathetic pelvic nerves to the spinal cord at the S2 to 
S4 and with afferents following sympathetic nerves to the 
thoracolumbar cord (de Groat and Lalley, 1972; Floyd et al., 
1976). As filling increases to a critical intravesical pressure, 
or with rapid bladder filling, detrusor muscle contractility is 
inhibited and urethral sphincter muscle enhanced by acti- 
vation of a spinal sympathetic reflex—one that stays intact 
with spinal cord lesions above the lumbar level (de Groat and 
Lalley, 1972; de Groat and Theobald, 1976). 

The sympathetic preganglionic fibers from thoracolum- 
bar spinal segments form white rami communicantes to 
synapse in the paravertebral or prevertebral sympathetic 
pathways, the latter predominating. Preganglionic neu- 
rons reach their inferior mesenteric ganglia by the lumbar 
splanchnic nerves, synapse, and continue as postganglionic 
nerves through the hypogastric nerves to the presacral fas- 
cia, across the upper posterior lateral pelvic wall, 1 to 2 cm 
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behind and below the ureter. This location is ironically the 
same area where uterosacral sutures are placed for vaginal 
vault suspension. After these neurons join the pelvic nerves, 
the pelvic plexus is formed, running below and medial to the 
internal iliac vessels overlying the anterior lateral lower rec- 
tum near the anorectal junction. The plexus spreads in the 
lateral wall of the upper one-third of the vagina beneath the 
uterine artery, medial to the ureter and 2 cm inferolateral to 
the cervix. Within the vesicovaginal space, the plexus sup- 
plies the upper vagina, bladder, proximal urethra, and lower 
ureter. Sympathetic preganglionic neurons generally use 
acetylcholine neurotransmitter acting on nicotinic recep- 
tors. The sympathetic postganglionic fibers are primarily 
noradrenergic, with norepinephrine being the chief neu- 
rotransmitter. Norepinephrine stimulation of B3-adrenergic 
receptors located in the bladder body causes relaxation of 
the smooth muscle. Stimulation of a, receptors in bladder 
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base and urethral smooth muscle by norepinephrine causes 
muscle contraction. In addition, norepinephrine also acts 
as a neurotransmitter at the parasympathetic ganglia, and 
a-adrenergic receptors, when stimulated, depress parasym- 
pathetic pelvic ganglion transmission by suppression of pre- 
synaptic cholinergic neurotransmitter release. 

Thus, sympathetic relaxation of detrusor body smooth 
muscle, contraction of bladder base and urethral smooth 
muscle, and depression of parasympathetic ganglionic trans- 
mission all act to promote urine storage. 


Parasympathetic Actions on Detrusor Muscle 


The parasympathetic preganglionic fibers arise from nerve 
roots S3 and S4 and, occasionally, S2, with the cell bodies being 
in the sacral cord, the conus medullaris. These fibers emerge 
from the piriformis muscle overlying the sacral foramina and 
enter the presacral fascia near the ischial spine at the poste- 
rior layer of the hypogastric sheath forming the pelvic nerve, 
where they then contribute to the already described pelvic 
plexus. The pelvic plexus has freely interconnected nerves in 
the pelvic fascia that supply the rectum, genitalia, and lower 
urinary tract. The parasympathetic fibers to the urinary tract 
terminate in pelvic ganglia located within the wall of the blad- 
der, a location quite vulnerable to end-organ disease, such as 
overstretch, infection, or fibrosis. At the ganglia, excitatory 
transmission occurs from activation of nicotinic acetylcholine 
receptors, with some ganglionic cells having secondary musca- 
rinic receptors. Multiple neuropeptide agents also function at 
these ganglia including adrenergic, purinergic, and peptidergic 
modulation. Transmission regulation remains complex, and 
precise knowledge is not available at present. 

At the detrusor muscle, postganglionic parasympathetic 
detrusor nerve fibers diverge and store neurotransmitter 
agents in axonal varicosities called synaptic vesicles. The agent 
is diffused to neuromuscular bundles of 12 to 15 smooth 
muscle fibers enclosed in a collagen capsule that acts similarly 
to the tendon insertion of a muscle. Stimulating electrical 
pulses produce two episodes of depolarization, suggesting the 
release of two neurotransmitters. The chief neurotransmit- 
ter is cholinergic, with muscarinic receptors, and a second 
major neurotransmitter is noncholinergic and nonadrenergic. 
This observation accounts for detrusor atropine resistance. 
The studies of Burnstock et al. in 1972 demonstrated that 
adenosine triphosphate (ATP) was the mediator of these non- 
cholinergic, nonadrenergic contractions. Variability is present 
between species, and some studies suggest that the purine 
(ATP) pathway responses lead to more rapid bladder contrac- 
tions, perhaps being useful in animals that use short, quick 
squirts of urine for geographically marking their territory. 

Muscarinic receptors have received much attention by 
pharmaceutical companies. The receptors are present in 
the CNS, eye lacrimal glands, salivary glands, heart, gall- 
bladder, stomach, and colon. Five types (Mj_s) have been 
identified. In detrusor muscle, M and M3 predominate. 
While there are more detrusor M, receptors, the M3 are 
more important for detrusor contractions. Dry mouth, 
slowed gastrointestinal motility, blurred vision, increased 
heart rate, heat intolerance, sedation with reductions in 
memory and attention, delirium, drowsiness, fatigue, and 
other cognitive functions are side effects related to the var- 
ious receptors located throughout the body. Anticholinergic 
medications more selective for M3 receptors should have 


more therapeutic effects against bladder overactivity with 
fewer side effects. 

Cholinergic receptors are more present in the body than 
in the base of the bladder, whereas adrenergic and neuro- 
peptide receptors are more prevalent in the base of the 
bladder. Neuropeptide modulators include vasoactive intes- 
tinal polypeptide and substance P. Histaminic and purinergic 
receptors may also be present in detrusor smooth muscle. 


Smooth Muscle of Trigone and Urethra 


The trigone was originally thought to be of separate embry- 
ologic origin from the bladder, however, this idea is being 
challenged (Shapiro, 2009). The idea of a separate origin 
was attractive because of the different innervation of this 
area compared to the rest of the bladder. The innervation 
of the trigone smooth muscle fibers is an almost exclusively 
adrenergic innervation with chiefly a, receptors. Choliner- 
gic development in the bladder is present at birth, whereas 
adrenergic development occurs later. Prostaglandins act as 
intracellular messengers to relax trigonal muscles. 

The proximal urethral smooth muscle is rich in 
a-adrenergic receptors responsive to norepinephrine neu- 
rotransmitter. Acetylcholine, substance P vasoactive intes- 
tinal polypeptide, and histamine are all additional potential 
transmitters in the urethra. Nitric oxide (NO) is promi- 
nent in the parasympathetic postganglionic innervation of 
the urethra, and exogenous NO or parasympathetic nerve 
stimulation relaxes urethral smooth muscle. 


Skeletal Muscle of Lower Urinary Tract: 
Somatic Innervation 


In the lower urinary tract, the somatic system involves 
skeletal muscle in the lower urinary tract outlet. The neu- 
ronal cell bodies for the urethral sphincter and for the dis- 
tal periurethral striated muscles and pelvic floor muscles 
are located in Onuf’s (Onufrowicz) somatic nucleus in 
the lateral aspect of the anterior horn of the gray matter 
of the sacral spinal cord from S2 to S4. This nucleus gives 
rise to the pudendal nerve, which is classically thought to 
provide the efferent innervation of the striated sphincter. 
Thor (2004) has shown that serotonin and norepinephrine 
enhance the effects of glutamate, the primary excitatory 
neurotransmitter for pudendal motor neurons. This is the 
proposed mechanism of action of duloxetine (a serotonin- 
norepinephrine reuptake inhibitor) in treating stress incon- 
tinence. The pudendal nerve, using acetylcholine, activates 
nicotinic cholinergic receptors to contract the rhabdo- 
sphincter. The alpha motor neurons of Onuf’s nucleus are 
unique in many ways including their resistance to polio and 
amyotrophic lateral sclerosis (ALS). 

The exact neuropathways supplying the urethral sphinc- 
ter skeletal muscle are controversial. The proximal intramu- 
ral component of the striated urogenital sphincter muscle 
(urethral sphincter, rhabdosphincter) is variably innervated 
by somatic efferent branches of the pelvic nerves, a com- 
ponent of the pelvic plexus. Elbadawi (1983) believed 
this intramural component to have somatic and autonomic 
(both cholinergic and adrenergic) innervation. However, the 
more distal periurethral striated muscles (compressor ure- 
thrae and urethrovaginal sphincter) are innervated by the 
pudendal nerve, as is the skeletal muscle of the external anal 
sphincter and perineal muscles. 
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Typically, somatic motor activity regulates skeletal mus- 
cle contraction by spinal reflexes, with the afferent arm of 
the reflex originating in muscle spindles, synapses taking 
place in the spinal cord, and the efferent arm originating 
in anterior horn cells with the axon going to the muscle. 
Unlike typical somatic reflex pathways that are regulated by 
sensory nerves from muscle spindles, the afferent regulation 
of the urethral sphincter somatic reflex is different because 
urethral skeletal muscle has no spindles. 

Embryologic speculation is that pelvic caudal muscles 
(tail waggers), which compose the levator group in humans, 
are supplied from the pelvic plexus on the pelvic surface 
side, whereas the sphincter cloacal derivatives are supplied 
from the perineal aspect by the pudendal nerve. 

The pudendal nerve passes between the coccygeus and 
piriformis muscles, leaves the pelvis through the greater sci- 
atic foramen, crosses the ischial spine, and reenters the pelvis 
through the lesser sciatic foramen. Here the nerve accompa- 
nies the pudendal vessels along the lateral wall of the ischio- 
rectal fossa in a tunnel formed by a splitting of the obturator 
internus fascia, called Alcock’s canal. At or before the perineal 
membrane, the nerve divides into the inferior rectal nerve, 
supplying the external anal sphincter, the perineal nerve, and 
the dorsal nerve to the clitoris (Fig. 2.5). The perineal nerve 
splits into a superficial branch to the labia and a deep branch 
to the periurethral striated muscles. The branching of the 
pudendal nerve shows considerable variation. 

The urethral sphincter muscle is an integral part of the 
urethral wall and is made up of all slow-twitch (type 1) 
fibers. The periurethral muscles (compressor urethrae and 
urethrovaginal sphincter) are composed of mostly slow- 
twitch fibers with a variable concentration of fast-twitch 
(type 2) fibers. These fibers combine to provide constant 
tonus, with emergency reflex activity mainly in the distal 
half of the urethra. 

The response of segmental spinal reflex leading to 
pudendal nerve function involves several spinal cord seg- 
ments. Afferent fibers involved in the reflex have both seg- 
mental and supraspinal routing. This dual routing explains 
the bimodal response of pudendal motor neurons when 
pudendal sensory nerves are stimulated, and it differs from 
stimulation of pelvic detrusor afferents. 

The neurotransmitter at the periurethral skeletal neuro- 
muscular junction is acetylcholine and the receptors are nic- 
otinic type. The intimate adherence of the neuromuscular 
junction to the striated muscle fibers conveys a resistance to 
blockade by neuromuscular blocking agents. 


Sensory Innervation 


The sensory innervation of the lower urinary tract is intri- 
cate and complex. A urothelial and suburothelial network has 
been described, which provide different sensory input from 
the lower urinary tract. These interactions involve cell-to-cell 
communication and neural pathways. The sensory nerves are 
denser in the urethra and trigone and sparser in the dome of 
the bladder. The afferent axons join their respective efferent 
nerves in the previously described paths for the autonomic 
and somatic neural pathways. Controversy exists concerning 
where the major afferent supply travels. Some researchers 
claim the majority of afferent nerves travel with the hypo- 
gastric nerve to the thoracolumbar region of the spinal cord, 


while others state they travel through the pelvic nerve and 
enter at the sacral levels. A specific nucleus, Gert’s nucleus, 
is located ventrolateral to the dorsal horn cells of S1-S2 and 
receives AS input from the bladder. Ascending projections 
from here reach to the periaqueductal gray (PAG) area in the 
mesencephalon. Afferent fibers travel with their correspond- 
ing efferents, and this explains why patients with lesions in 
the cauda equina still have some sensory input via the sym- 
pathetic pathways. Both Aô and unmyelinated C fibers pro- 
vide the majority of this innervation. Detrusor proprioceptive 
endings (Aò fibers) exist as nerve endings in collagen bundles. 
They are stimulated by stretch or contraction and are respon- 
sible for the feeling of bladder fullness. Pain and temperature 
nerve endings (C fibers) are free in bladder mucosa and sub- 
mucosa. The sensory endings in the detrusor involve multiple 
neurotransmitters and modulators including substance P, 
vasoactive intestinal peptide, ATP neurokinins, and calcito- 
nin gene-related polypeptide among others. 

Afferent nerves are further influenced by transient recep- 
tor potentials (TRPs), transmembrane cation channels that 
influence cytosolic ion concentration, mainly calcium and 
magnesium as well as affecting other intracellular pathways. 
These unique cation channels are described in almost every 
tissue and cell type and play a major role in cellular func- 
tion and sensory input. In addition to the transmembrane 
channels, intracellular channels (TRPs) in other membranes 
(endo and sarcoplasmic reticulum) also exist. These chan- 
nels have been divided into six subfamilies, each subfamily 
having several unique channels. The most described of these 
channels is the TRP vanilloid subfamily. These channels are 
affected by many different stimuli (both chemical and physi- 
cal) and play a major role in afferent activity including detec- 
tion and integration of noxious stimuli. They achieve this by 
a dual mechanism whereby their intracellular actions (cation 
concentrations) are combined with a second mechanism of 
influencing neurotransmitter release including substance P 
and calcitonin gene-related peptide (Furuta et al., 2012). 
Activation of C fibers plays a major role in bladder inflam- 
mation and overactivity and in conditions where C fiber 
afferentation through neuroplastic changes has taken place. 
Purinergic receptor stimulation (chemical, C-fiber) in an ani- 
mal model enhances the spinal neuronal activity already seen 
with intravesical filling (AS physical stretch). This increased 
spinal activity is diminished or abolished by purine antago- 
nists. Active research into pharmacologic manipulation of 
these channels is a potentially new therapeutic option for 
control of conditions such as painful bladder syndrome. 

Other neurotransmitters involved with bladder sensation 
include ATP, adenosine, nitric oxide, vasoactive intestinal 
polypeptide, substance P and pituitary adenylate cyclase- 
activating peptide. Not only can some of these act as neu- 
rotransmitters but others like nitric oxide are also released 
from the urothelium and act as modulators and messengers. 
The complex interactions of these neurotransmitters are 
still being investigated, but their role in conditions involving 
bladder pain is undeniable and will undoubtedly influence 
future therapies (Fig. 4.3). 

Urethral sensation is carried principally by the pudendal 
nerve, although the autonomic nervous system also has its 
usual afferent component. Urethral smooth muscle sensory 
innervation, like that of the detrusor, has both a contralat- 
eral and an ipsilateral supply. 
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FIGURE 4.3 Involvement of TRPV1 and TRPV4 in regulation of bladder contraction. A, Illustration of the composition of the bladder wall. 
B, TRPV1 and TRPV4 are both expressed in the urothelium and can be directly activated by the stimuli shown at the left. Moreover, these 
substances can also activate both channels in sensory fibers in the urothelium and the muscularis, which can cause, via the spinal cord, contrac- 
tion of the bladder and pain. Stimulation of TRPV1 and TRPV4 in the urothelium induces release of ATP and nitric oxide. ATP can also activate 
the sensory fibers via P2X3 receptors. (Nilius B, Owsianik G, Voets T, Peters JA. Transient receptor potential cation channels in disease. Physiol Rev. 


2007;87:165.) 


Central Nervous System Modulation 


CNS neurons affecting bladder function may be spinal or 
supraspinal, with extensive dendritic communications. The 
chief excitatory neurotransmitter in the CNS is glutamate, 
frequently acting on n-methyl-p-aspartate (NMDA) recep- 
tors, which creates areas of possible therapeutic pharma- 
ceuticals. The chief inhibitory CNS neurotransmitters are 
y-aminobutyric acid (GABA) and glycine. 

The detrusor and the periurethral striated muscle mech- 
anisms have separate cortical and other higher-center reg- 
ulation. The effects of such regulation are chiefly on the 
brainstem for the detrusor and on the sacral cord for the 
periurethral mechanisms. The brain pathways known to 
be associated with bladder and pelvic floor activity include 
cortical pathways originating in the precentral gyrus, lateral 
prefrontal cortex, and anterior cingulate gyrus (ACG). Sub- 
cortical pathways originate in basal ganglia, brainstem raphe 
nuclei, locus ceruleus, hypothalamus, and the midbrain 
periaqueductal gray, and affect the brainstem, specifically 
the medial (M region analogous to the pontine micturition 
center [PMC], or Barrington’s nucleus) and lateral (L) pons. 


Extensive communication takes place with all these struc- 
tures to control storage and voiding. Although many neu- 
rotransmitters are involved in central regulation, the major 
CNS neurotransmitters are glutamate and GABA. 


Cortical and Subcortical Pathways 


The brainstem’s importance in the lower urinary tract func- 
tion has been known since 1921, when Barrington ablated 
this area in cats and produced permanent urinary retention. 
He demonstrated that the middle pons was the level in the 
brain at which the motor tone of the bladder arises. This 
region in the pons has been called the pontine micturition 
center or the M region by Holstege et al. (1979). Stimulation 
results in the decrease in urethral pressure and silence of pel- 
vic floor electromyographic (EMG) signal, followed by a rise 
in detrusor pressure. Tracing studies reveal direct projections 
from the M region to the intermediolateral cell column of the 
sacral cord and the parasympathetic preganglionic bladder 
motor neurons. Other projections are to sacral cord interneu- 
rons that activate GABA inhibition of Onuf’s nucleus neu- 
rons, resulting in relaxation of urethral skeletal muscle. The 
detrusor motor nuclei in the pons receive input from basal 
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ganglia and coordinating afferents from the cerebellum and 
the PAG. Recall that the PAG receives input from the disten- 
sion receptors in the bladder via fibers ascending from Gert’s 
nucleus. The PAG then communicates with the M region to 
stimulate micturition. In addition to these important supra- 
spinal tracts, there is evidence that spinal reflexes may also 
facilitate voiding. Electrical stimulation of urethral afferents 
can stimulate detrusor activity in spinal cord patients. This 
reflex has been postulated to augment bladder emptying by 
being activated when urine enters the urethra. 

Brainstem neurotransmitters include substance P GABA, 
and serotonin, which is produced from tryptophan. Stimula- 
tion of the same level of the pons at a more lateral position, 
the L region, results in contraction of the urethral sphincter by 
fibers in Onuf’s nucleus. Direct cortical relay to the L region 
gives voluntary micturition control. These brainstem activities, 
which are important for continence (L region) and micturition 
(M region) in adults, are replaced by reemerging pathologic 
primitive reflexes in disease states. Most important in this 
respect is the C-fiber-mediated reflex that emerges follow- 
ing disconnection from pontine regulatory influences as a con- 
sequence of spinal cord disease. These effects are mediated 
by sensory neurotransmitters that are prompted to appear 
by nerve growth factors, as shown by Steers et al. (1996), 
and that are alleviated by intravesical capsaicinoids. Similar 
development of C-fiber-afferentation is seen with bladder 
outlet obstruction and with bladder inflammatory states. In 
addition, with spinal cord injury it appears that the C fibers 
become sensitized to mechanical distension, a role reserved 
for Aò fibers in the normal bladder. This leads to further acti- 
vation of primitive, ineffective voiding reflexes, which are fur- 
ther modulated by TRP channels acting on the sensory side. 

The basal ganglia are associated with the production of 
dopamine, one of the catecholamine neurotransmitters that 
is largely inhibitory to bladder activity. Seventy-five percent 
of patients with decreased dopamine resulting from Parkin- 
son’s disease have slowness of movement, gait disturbance, 
and tremor; 45% to 75% have bladder overactivity. The 
vast majority of cell bodies of origin for serotonin are in the 
raphe nuclei. Serotonin acts to inhibit reflex bladder and 
pelvic nerve activity by suppressing afferent bladder infor- 
mation. The sympathetic autonomic nuclei and the sphinc- 
ter motor nuclei also receive a serotonergic input from the 
raphe nucleus. Fibers from the raphe nuclei of the reticular 
formation may moderate responsiveness to different phases 
of the sleep-wake cycle or emotional states. 

The locus ceruleus is the brainstem’s CNS container of 
norepinephrine cell bodies. Norepinephrine acts to tonically 
facilitate continence-related reflexes. 

The hypothalamus and midbrain PAG are activated during 
micturition. The paraventricular nucleus of the hypothalamus 
has connections to the sacral parasympathetic nucleus (SPN) 
and the sphincter motor neurons. The anterior hypothalamus 
and PAG projects to the pons M region and can induce bladder 
contraction via pontine parasympathetic pathways. The poste- 
rior hypothalamus has sympathetic inhibitory pathways. The 
hypothalamus function, although poorly delineated, is known 
to involve B-endorphin neurotransmitters, the opioid peptides 
constituting an entire class of brain neurotransmitters. Inter- 
neurons in the lumbosacral cord project strongly to the PAG, 
which in turn projects to the pons M region, thus making the 
PAG an important component in bladder reflex activities. 


Pudendal cortical pathways affect periurethral striated 
muscle innervation by direct descending paths originating in 
the central vertex of the pudendal cerebral cortical area and 
going to pudendal nuclei in the ventromedial portion of the 
ventral gray matter of the S1 to S3 cord segments. At this 
level, the pudendal motor nuclei act as described to affect 
lower urinary tract skeletal muscle activity. 

Ascending axons from periurethral striated muscle go to 
the pudendal cortical area, possibly synapsing in the nucleus 
ventralis posterolateralis of the thalamus, the brain’s chief 
relay station. 

Sensory afferents from both pudendal and detrusor pel- 
vic nerves send input to the anterior vermis of the cerebel- 
lum, which then originates an axon relay to the cortex in 
the dentate nucleus. Fibers for both detrusor and puden- 
dal proprioception and exteroception (pain, temperature, 
and touch) ascend in posterior columns and spinothalamic 
tracts, respectively. 

Neurotransmitters involved in these pathways include 
acetylcholine and peptides, especially substance P and 
enkephalin. Neurotransmitter agents are stored in astro- 
cytes, which may also regulate extracellular concentrations. 

The limbic system in the temporal lobes exerts controls 
affecting all autonomic functions and is a favored site for 
epileptiform activity. Enkephalin is a notable neurotrans- 
mitter here as well as in the reticular formation. The cer- 
ebellum, where GABA is prominent along with standard 
neurotransmitters, regulates muscle tone and coordinates 
movement. Disease in this area produces spontaneous, high- 
amplitude detrusor overactivity. 

The ACG and the prefrontal cortex have rich communica- 
tions with the brainstem areas concerned with lower urinary 
tract function. The ACG shows increased activity with imag- 
ing studies during filling and voiding (Athwal et al., 2001). It 
projects heavily to the PAG, which in turn connects to the 
M-region in the pons. Depending on the area affected within 
the ACG, lesions may lead to bladder overactivity or urinary 
retention (Andrew and Nathan, 1964; Duffau and Capelle, 
2005). The prefrontal cortex is thought to play a major role 
in volitional voiding and deciding the social appropriateness of 
voiding. Lesions here lead to inappropriate bladder overactiv- 


ity and voiding (Griffiths et al., 2005). 


Spinal Cord 


By adolescence, disparity in growth of the spinal cord and 
the vertebral column leads to the cord’s terminating around 
the first lumbar vertebra. The adult conus medullaris is quite 
short and contains the entire S1 to S5 segment. Because the 
spinal cord terminates well above the respective segmental 
foramina, the cauda equina describes the terminal ventral 
and dorsal nerve roots as they travel through the spinal canal 
to exit. The cauda equina is subject to various spinal pathol- 
ogies including lumbar disk disease, trauma, tethered cord, 
and spinal stenosis. Although the thoracolumbar levels are 
important in sympathetic autonomic influence of the lower 
urinary tract, the conus medullaris has greater significance 
because autonomic detrusor nuclei and pudendal somatic 
nuclei are housed in the intermediolateral and ventromedial 
anterior gray matter, respectively. The conus medullaris also 
houses neurons involved with defecation and sexual func- 
tion, with relays for cortical separation of these visceral 
functions (encephalization) developing after birth. 


Mechanisms of Normal Bladder Filling, 
Storage, and Voiding 


Filling and Storage 


Storage depends on sympathetic neural activity. As noted 
by McGuire (1986), three sympathetic neural responses 
to afferent pelvic nerve firing associated with increasing 
bladder volume have been demonstrated experimen- 
tally: B-receptor-mediated relaxation of the detrusor 
musculature; o-receptor—-mediated increase in urethral 
smooth muscle activity and urethral pressure; and inhi- 
bition of ganglionic transmission in the pelvic (vesical) 
ganglia, which, in effect, inhibits sacral parasympathetic 
outflow to the bladder. These actions are illustrated in 
Figure 4.2. 

Somatic activation of lower urinary tract outlet is regu- 
lated by afferent pelvic nerve spinal reflexes that keep tonic 
resistance to the urethra so that urethral pressure is greater 
than detrusor pressure. Cortical tracts to the urethra and 
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tracts involving the L region of the pons also take part in the 
voluntary assistance to storage. 


Voiding 


The mechanisms responsible for switching reflexes from 
storage to voiding, that is, from chiefly sympathetic to 
parasympathetic, or adrenergic to cholinergic, or spinal to 
supraspinal reflex pathways, rely on axodendritic contacts 
between parasympathetic, sympathetic, and somatic path- 
ways in the spinal cord. 

Voiding is largely a parasympathetic event. Our under- 
standing of the neurophysiology of micturition developed 
from a large body of literature based primarily on animal 
models. Precise neural pathways involved in voiding remain 
controversial. The concepts presented here are based pri- 
marily on those by Bradley et al. (1974) and de Groat et al. 
(1979), as synthesized by Blaivas (1982) and McGuire 
(1986). Figure 4.4 is a summary of the major neurologic 
pathways involved in bladder filling and voiding. 
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FIGURE 4.4 Summary of major neurologic pathways involved in bladder function. Storage: Bladder distention results in afferent pelvic nerve dis- 
charge. After synapse in pudendal nucleus, efferent pudendal nerve impulses result in contraction of external urethral sphincter. At the same time, 
afferent sympathetic discharges traverse hypogastric nerve. After synapse in sympathetic nuclei, efferent firing causes (1) inhibition of transmission 
of postganglionic parasympathetic neuron, which inhibits detrusor contraction, and (2) increased tone at bladder neck. Net effect is that urethral 
pressure remains greater than detrusor pressure, facilitating urine storage. Voiding: Afferent pelvic nerve discharges ascend in spinal cord and synapse 
in pontine micturition center. Descending efferent pathways cause (1) inhibition of pudendal firing, which relaxes external sphincter, (2) inhibition 
of sympathetic firing, which opens bladder neck and permits postganglionic parasympathetic transmission, and (3) pelvic parasympathetic firing, 
which causes detrusor contraction. Net result is that relaxation of external sphincter causes decrease in urethral pressure, followed almost imme- 
diately by detrusor contraction, and voiding ensues. Stop: Voluntary interruption of urinary stream. Descending corticospinal pathways emanating 
from motor complex synapse in pudendal nucleus, resulting in contraction of external sphincter. Urethral pressure increases above detrusor pressure, 
interrupting stream. (Modified with permission from Blaivas JG. The neurophysiology of micturition: a clinical study of 550 patients. | Urol. 1982;127:958.) 
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Normal voiding is a voluntary act involving reflex- 
coordinated relaxation of the urethra and sustained contrac- 
tion of the bladder until emptying is complete. In healthy 
women, the micturition reflex is probably not a simple seg- 
mental sacral reflex but is modulated supraspinally in the 
PMC. Voluntary control of the micturition reflex is mediated 
by connections between the prefrontal cerebral cortex and 
the pons. Voluntary control of the external urethral sphincter 
is via the corticospinal pathway connecting the frontal cortex 
with the pudendal nucleus in the ventral horn of the sacral 
spinal cord. Bradley et al. (1974) believe that connections 
between the sensorimotor cortex and the pudendal nucleus 
control voluntary sphincter activity and that voiding is con- 
trolled voluntarily by complex interactions among cortical 
areas (prefrontal cortex), subcortical areas (thalamus, hypo- 
thalamus, basal ganglia, and limbic system), and brainstem 
(mesencephalic-pontine-medullary reticular formation). 

With filling to bladder capacity, stimuli from the bladder 
cause afferent discharges, which traverse pathways in the 
spinal cord to synapse largely in the PAG. Voiding is initi- 
ated voluntarily or when the bladder volume is so large that 
it is no longer possible to suppress micturition. To initiate 
voiding, the external urethral sphincter relaxes voluntarily via 
inhibition of somatic motor neurons from the ventral horn. 
Efferent impulses from the PMC run in the reticulospinal 
tracts to inhibit pudendal firing (relaxing the external sphinc- 
ter) and to stimulate parasympathetic neurons situated in 
the intermediolateral cell column at levels S2-S4, causing 
detrusor contraction. During voiding, sympathetic efferents 
are inhibited, which opens the bladder neck and permits 
postganglionic parasympathetic transmission. The micturi- 
tion reflex depends upon glutamate activation of a-amino- 
3-hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA) and 
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FIGURE 4.5 Urodynamic representation of normal female micturi- 
tion. A, Voluntary initiation of voiding with relaxation of external 
urethral sphincter and pelvic floor muscles and associated decrease 
in urethral pressure. B, Detrusor contraction occurs with increase in 
intravesical pressure; intraurethral pressure equals intravesical pres- 
sure, and urine flow is initiated. C, Voluntary termination of void- 
ing. (From Walters MD. Mechanisms of continence and voiding, with 
International Continence Society classification of dysfunction. Obstet 
Gynecol Clin North Am. 1989;16:773, with permission.) 
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NMDA receptors and is modulated by serotonergic and nor- 
adrenergic systems of brainstem that tend to support stor- 
age reflexes. Fight-or-flight situations affect micturition via 
5-hydroxytryptamine (5-HT) and NE modulation. The high- 
est densities of 5-HT and NE in lower urinary tract reflex 
pathways are in the lateral pathway (LP), primary afferents 
in sacral dorsal horn, SPN and Onuf’s nucleus, and lumbar 
sympathetic intermediolateral nucleus. 5-HT neurons are 
also located in medullary neurons (raphe magnus) and NE 
neurons in medullary and pontine nuclei, for example, locus 
ceruleus (pons), and Kolliker-Fuse nucleus (pontomedul- 
lary junction). Ad afferents, activated by stretch, travel via 
Lissauer’s tract to the PAG to constitute a spinobulbospinal 
reflex. The efferent arm from the M region activates sacral 
parasympathetic neurons that travel to the pelvic nerve, with 
acetylcholine neurotransmitters acting on M and M3 recep- 
tors, and via interneuron GABA activity inhibiting Onuf’s 
nucleus. 

Urodynamically, the micturition reflex begins with sud- 
den and complete relaxation of the striated muscles of the 
urethra and pelvic floor and a decrease in urethral pressure. 
Several seconds later, intravesical pressure is increased by a 
highly controlled coordinated contraction of the bulk of the 
detrusor muscle. Descent and funneling of the bladder neck 
and proximal urethra occur and urine flow begins (Fig. 4.5). 
Afferent feedback from the urethra to the spinal cord when 
urine enters the proximal urethra further augments bladder 
contraction to complete emptying. 

Brainstem modulation of the micturition reflex allows for 
a detrusor contraction long enough to completely evacuate 
intravesical contents. With voluntary termination of voiding 
or with the stop test, the striated muscles of the urethra and 
pelvic floor contract to elevate the bladder base, increase 
intraurethral pressure, and empty the urethra of urine. The 
detrusor muscle is reflexly inhibited, and intravesical pres- 
sure returns to normal. 


Clinical Effects of Neurologic Disease 
on Lower Urinary Tract Function 


Clinical studies of patients with brain lesions demonstrate 
urgency and frequency with urodynamic studies revealing 
“neurogenic detrusor overactivity” with coordinated detru- 
sor and sphincter function if the lesion is above the pons 
(Fig. 4.6B). Lesions below the pons interfere with detru- 
sor and sphincter coordination, so the neurogenic detrusor 
overactivity is not associated with coordinated outlet activ- 
ity and may result in detrusor-sphincter dyssynergia (DSD; 
Fig. 4.6C). If the brain lesion is limited to small frontal lobe 
areas, the patients are generally socially aware, understand- 
ingly embarrassed, and without dementia. 

In patients with Parkinsonism, a diagnosis of multiple 
system atrophy (MSA) should be considered if urinary 
symptoms are severe. MSA involves processes of atrophy 
of neurons, and urinary dysfunction can be the presenting 
symptom in up to 83% of patients (Stefanova et al., 2009). 
Thus, neurogenic detrusor overactivity in these patients 
may be due to cell loss in the brainstem region, and incom- 
plete bladder emptying may be due to loss of parasympa- 
thetic drive with atrophy of intermediolateral cell columns. 
Weakening of the sphincter may be due to loss of cells in 
Onuf’s nucleus; anal sphincter needle EMG may be helpful 
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nerve 
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FIGURE 4.6 Interruption of nervous system at various levels and 
subsequent voiding dysfunction. A, Lesions in higher cortical centers 
have various effects, including inability to voluntarily postpone void- 
ing, urge incontinence, enuresis, urethral spasm, and loss of social 
concern about incontinence. B, Suprapontine lesions result in invol- 
untary detrusor contractions with coordinated urethral relaxation. 
C, High spinal cord (upper motor neuron) lesions lead to neuro- 
genic detrusor overactivity without coordinated urethral relaxation 
(detrusor-sphincter dyssynergia). D, Lower motor neuron lesions 
cause detrusor areflexia. 


in diagnosis. The cells of Onuf’s nucleus are susceptible to 
MSA where they are uniquely resistant to the effects of 
polio and ALS. 

Multiple sclerosis exists in several forms and may affect 
the brain or spinal cord, explaining the variety of clinical 
presentations. Lower urinary tract symptoms are the first 
manifestations of the disease in 5% to 9% of patients, and in 
later stages of multiple sclerosis, 80% to 90% exhibit blad- 
der dysfunction. Detrusor hyperreflexia is the presenting 
symptom with lesions above the pons, while DSD with or 
without detrusor hyperreflexia presents with lesions below 
the coordinating pons. 


Brainstem Lesions 


Nearly half of all patients with brainstem lesions have uri- 
nary symptoms, especially voiding difficulty, as shown by 
Betts et al. (1992). Eye movement disorders may accompany 


bladder dysfunction resulting from pons lesions because of 
the proximity of the medial longitudinal fasciculus to the 
PMC. The bladder dysfunctions associated with brainstem 
lesions include emptying disorders, nocturnal urinary fre- 
quency, and urgency with neurogenic detrusor overactivity. 


Spinal Cord Disease 


Urinary storage and micturition are dependent upon spinal 
cord reflexes. Storage reflexes include direct spinal acti- 
vation of Onuf’s nucleus to activate tonic, somatic, and 
skeletal periurethral muscle. Sympathetic reflexes involve 
low-level bladder afferent firing, which traverses the spinal 
cord, activating lumbar sympathetic preganglionic neurons. 
Secondary sympathetic neurons, chiefly via the preverte- 
bral hypogastric postganglionic nerves, cause bladder outlet 
contraction and parasympathetic ganglionic inhibition by 
a-receptor activity and detrusor relaxation by f-receptor 
activity. 

Micturition reflexes involve GABA inhibition of urethral 
sphincter EMG activity. This activity is initiated in the PMC 
(M region) and involves the spinal cord for transmission. 
The PMC is also associated with stimulating sacral pregan- 
glionic parasympathetic bladder contraction via glutamic 
acid neurotransmission and NMDA and non-NMDA gluta- 
minergic receptors. Thus, trans-spinal pathways to connect 
the PMC and the sacral cord are necessary to effect coordi- 
nated bladder and outlet activities so detrusor contraction 
and sphincter relaxation may be synchronous with voiding, 
and detrusor relaxation and sphincter contraction may act in 
harmony for urinary storage. Following disconnection from 
the pons, this synergistic activity is altered, and the detrusor 
and the sphincter tend to contract simultaneously, leading 
to a pathologic condition, DSD. The International Conti- 
nence Society (ICS) defines DSD as a detrusor contrac- 
tion synchronous with contraction of the urethral and/or 
periurethral striated muscles. It is diagnosed using cystom- 
etry with simultaneous surface patch electrodes, urethral 
needle EMG, urethral pressures, or videocystourethrog- 
raphy. Diagnosis is not standardized and can be difficult. 
Different classification schemes have been proposed but 
not widely adopted. Continuous versus intermittent EMG 
activity is proposed to occur with complete or incomplete 
cord injury, respectively. Therapy is directed at protect- 
ing the patient from upper tract disease and may involve 
anticholinergic, tricyclic antidepressant, or a-blocker medi- 
cations; intrasphincteric botulinum-A toxin; intermittent 
self-catheterization; or urinary diversion. Also reported are 
sphincterotomy and anterior nerve root stimulation follow- 
ing dorsal root rhizotomy. 

With spinal cord transection above the level of the lum- 
bosacral cord, “spinal shock” occurs and the bladder is ini- 
tially acontractile. Intermittent drainage to the bladder must 
be provided to avoid upper tract damage during this time. 
In a few weeks, the bladder develops new reflexes leading 
to detrusor hyperreflexia, C fibers become the major affer- 
ents of these poorly effective reflexes, and the Að fibers no 
longer appear to function. The bladder capacity is dimin- 
ished. Detrusor-sphincter dyssynergia commonly develops 
in patients with spinal cord disease, whether acute as with 
trauma or chronic as with multiple sclerosis. The detrusor- 
sphincter dyssynergia causes poor bladder emptying. Hence, 


both storage and emptying phases of bladder function are 
altered, although the resulting symptoms are chiefly problems 
of storage. The overactive, small capacity bladder with rela- 
tive outlet obstruction leads to the development of urgency/ 
frequency and urge incontinence as the chief symptoms. 

An important clinical note presented by Fowler (1999) 
is that unless completely restricted to the conus medullaris, 
spinal cord disease, which is responsible for the develop- 
ment of a neurogenic bladder, will produce clinical signs 
in the lower limbs because the innervation of the bladder 
arises more caudally than the innervation of the lower limbs. 

Because spinal cord injury is a nonprogressive neurologic 
disease, and because the neurogenic detrusor overactivity 
and DSD and loss of bladder compliance can cause ureteric 
reflux and resultant upper renal tract damage, therapy must 
be directed to prevention of upper tract disease. Loss of com- 
pliance is not always part of DSD and is poorly defined, but 
needs monitoring in these patients. Loss of compliance has 
been defined in a range of 1-20 mL/cm H,O (Park, 2010). 
In neurologically intact patients, bladder compliance below 
40 mL/cm H,O was associated with an increase in detru- 
sor overactivity incontinence. McGuire et al. (1981) have 
shown that ureteral reflux occurs when detrusor leak point 
pressures exceed 40 cm H3O, which places the upper tracts 
at risk of damage. In a group of patients with spinal cord 
disease, dual or triple medical therapy has been suggested 
as treatment for loss of compliance, which includes an anti- 
cholinergic agent combined with an a-blocker, tricyclic anti- 
depressant (imipramine), or both (Cameron et al., 2009). 
These medications work synergistically to reduce detrusor 
pressure and decrease outlet resistance. Another example of 
therapy to protect upper tracts is the avoidance of sustained 
bladder drainage, which may add to compliance loss. In con- 
trast, progressive spinal cord disease (e.g., multiple sclerosis) 
very rarely causes upper tract involvement. The therapies, 
therefore, may be more symptomatic. Transverse myelitis 
has a consistent, surprising finding in that although there 
may be excellent clinical recovery from tetraparesis, bladder 
dysfunction remains as a sole residual neurologic complaint. 

Spinal cord injuries at T6 and above are associated with 
a serious condition, autonomic dysreflexia. Resulting from 
loss of supraspinal and baroreptor control of the sympa- 
thetic system below the lesion, autonomic dysreflexia 
results clinically in signs of hypertension, pilomotor contrac- 
tion, and diaphoresis. It is considered a medical emergency 
and can result in stroke, convulsions, cardiac arrhythmia, 
and death. Segmental reflexes are responsible for this sym- 
pathetic response, and bladder or bowel distension are well- 
known triggers. Bladder distention has been identified as 
the trigger in up to 75% to 85% of the cases; other causes 
are fecal impaction, urinary tract infection, or other abdom- 
inopelvic inflammatory conditions. Prompt identification of 
the cause is needed, and immediate relief (unblockage of 
bladder drainage due to a defective or obstructed catheter 
or fecal disimpaction) is required. Important for the uro- 
gynecologist is that urodynamics or urethrocystoscopy may 
also trigger this event, making monitoring of blood pressure 
mandatory during these procedures in spinal cord patients. 
A rise in blood pressure of 20-40 mm Hg (systolic or dia- 
stolic) is usually considered diagnostic of autonomic dysre- 
flexia. If this occurs during urodynamics or cystoscopy, the 
procedure should be stopped. If the blood pressure does 
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not decrease, sublingual nifedipine (10 mg) is administered. 
Patients and caretakers should be educated about the condi- 
tion, its symptoms, and care, with patients by always carry- 
ing nifedipine capsules with them. 


Cauda Equina 


Damage in cauda equina syndromes involves both anterior 
and posterior sacral roots and hence has somatic and para- 
sympathetic motor effects and somatic and visceral sen- 
sory effects. The clinical picture involves sensory loss, in a 
patchy “saddle hypesthesia” pattern and variable loss of anal 
and urethral and sexual response functions. Disk disease is 
a frequent cause but trauma, spinal stenosis, and tethered 
cord also may result in damage to the cauda equina. 


Peripheral Innervation and Bladder 
Dysfunction 


Bladder disturbances are seen in peripheral neuropathies 
that involve small fibers, for example, diabetes, amyloidosis, 
and panautonomic neuropathy. The most common in devel- 
oped countries is diabetes, which typically involves small 
sensory and postganglionic parasympathetic fibers, leading 
to excessive accommodation, reduced bladder sensation, 
increased residual urine, decreased urine flow, and markedly 
increased capacity. Other signs of neurologic disturbance are 
common, and bladder dysfunction in isolation is not seen. 


Pelvic Nerve Injury 


Pelvic nerve injury, resulting in bladder dysfunctions, can be 
produced by resection surgery (e.g., radical hysterectomy 
or rectal carcinoma or prostate excision surgery). The chief 
damage is to the parasympathetic innervation. Nerve injury 
may also be seen with vaginal deliveries. Nerves may be 
injured by compression, stretch, or transection. At the pres- 
ent time, recovery is unpredictable in compression or stretch 
injuries involving the pelvis. Another common type of injury 
may result from bladder overdistention, which is seen in con- 
junction with epidural anesthesia and labor and where blad- 
der volumes are not consistently known. Varying degrees of 
urinary retention are seen with overdistention injuries. 

Urinary retention in young girls without evidence of 
neurologic disease may be seen in conjunction with pseudo- 
myotonia, a distinct auditory and waveform pattern seen on 
needle examination of the urethral sphincter. This type of 
EMG activity is not specific and may also be seen in other 
types of bladder dysfunction or in patients with normal 
lower urinary tract function. Some patients with urinary 
retention and EMG abnormality have polycystic ovaries, 
suggesting the possibility of a linkage of disturbances to a 
hormonal abnormality, the overall condition referred to as 
Fowler’s syndrome. The syndrome appears to be responsive 
to sacral neuromodulation therapy. 


Clinical Pharmacology of the Lower 
Urinary Tract 
Thorough understanding of the neurologic control of the 


urinary bladder and its outlet allows one to intelligently use 
pharmacologic agents to manage many types of lower urinary 


PART 2 Basic Science 


tract dysfunction. Basic concepts of pharmacologic treat- 
ment are summarized within a functional scheme of therapy 
for micturition disorders, as developed by Wein et al. (1991; 
see Box 8.2). More specific guidelines for pharmacologic 
treatments of various lower urinary tract complaints and 
reviews of the clinical studies using these agents are found in 
the chapters describing individual urogynecologic disorders. 

Most pharmacologic agents produce their effects by 
combining with cell receptors. The drug—receptor interac- 
tion initiates a series of biochemical and physiologic changes 
that characterize the effects produced by the agent. In gen- 
eral, drugs alter lower urinary tract function by affecting 
synthesis, transport, storage, and release of the neurotrans- 
mitter; the combination of the neurotransmitter with 
postjunctional receptors; or the inactivation, degradation, or 
reuptake of the neurotransmitter. Most drugs used to treat 
lower urinary tract disorders were developed originally for 
their actions on other organ systems whose functions are 
also controlled by innervation or drug-receptor interac- 
tion. The pharmacologic effects on other organ systems are 
responsible for many of the unwanted side effects of these 
agents. Improving specificity and selectivity of the thera- 
peutic agents is an important area of future development 
in uropharmacology. Clinically, pharmacologic agents can 
be grouped into those that facilitate bladder emptying and 
those that facilitate urine storage (Box 4.1). Patients with 
disorders of bladder emptying have voiding dysfunction; 
theoretically, drugs that improve bladder emptying would 
do so by increasing bladder contractility or by decreasing 
outlet resistance. Patients with disorders of urine storage 
often present with urinary frequency, urgency, or urinary 
incontinence (stress and/or urge), which is usually caused 
by either an overactive detrusor or an incompetent urethral 
sphincter mechanism. Agents that facilitate urine storage act 
by inhibiting bladder contractility—thereby increasing blad- 
der capacity—by increasing outlet resistance or by reducing 
sensation or afferent input necessary to trigger voiding. The 
most effective and commonly used agents act on either the 
parasympathetic or sympathetic systems. 


Therapy to Facilitate Bladder Emptying 


Increasing Intravesical Pressure 


A major portion of the final common pathway ina physiologic 
bladder contraction is stimulation of the muscarinic cholin- 
ergic receptor sites at the postganglionic, parasympathetic 


neuromuscular junction. Parasympathetic nerve stimulation 
causes the release of acetylcholine at postsynaptic, parasym- 
pathetic receptor sites. Acetylcholine release produces mus- 
carinic and nicotinic effects; one of the muscarinic effects 
is contraction of the detrusor muscle and relaxation of the 
trigone. Acetylcholine itself cannot be used for therapeutic 
purposes because of actions at central and ganglionic levels 
and because of its rapid hydrolysis by acetylcholinesterase 
and nonspecific cholinesterase. Bethanechol chloride exhib- 
its a selective acetylcholine-like action on the urinary blad- 
der and gut, with little or no action at therapeutic dosages 
on ganglia or the cardiovascular system. Bethanechol chlo- 
ride is cholinesterase resistant and causes a contraction of 
smooth muscle from the bladder, bladder neck, and ure- 
thra, thus preventing coordinated and complete bladder 
emptying. Although bethanechol chloride has been used 
extensively for treatment of postoperative and postpartum 
urinary retention, it is no longer considered to be effective 
to facilitate voiding. 

Other pharmacologic methods of achieving a cholinergic 
effect include the use of cholinesterase agents, dopamine 
antagonists (metoclopramide), and a-adrenergic blocking 
agents (to block the inhibitory effect of sympathetics on pel- 
vic parasympathetic ganglionic transmission). In addition, 
prostaglandins may facilitate bladder emptying by inducing 
detrusor contraction and maintaining smooth muscle tone. 
Unfortunately, drug therapy is generally ineffective in caus- 
ing detrusor contraction and improving voiding, especially 
in the presence of neurogenic disease. The best treatments 
remain intermittent self-catheterization and sacral neuro- 
modulation (see Chapters 37 and 43). 


Decreasing Outlet Resistance 


The lower urinary tract has a- and f-adrenergic receptor 
sites, the functions of which have been discussed. Facilita- 
tion of bladder emptying could be achieved by the use of 
a-adrenergic antagonists, which decrease outlet resistance by 
smooth muscle relaxation of the bladder neck and proximal 
urethra. Some investigators have suggested that these agents 
may also affect striated sphincter tone. Alpha-sympathetic 
blocking agents have thus been used to treat both smooth 
sphincter dyssynergia and detrusor-striated sphincter dys- 
synergia. Wein et al. (1991) published a review of the effec- 
tiveness of these agents. 

Botulinum-A toxin, a substance that inhibits acetylcho- 
line release from cholinergic nerve terminals, is a presynaptic 


Therapy to Facilitate Bladder Emptying 


Increasing intravesical pressure/bladder contractility 
Parasympathomimetic agents, prostaglandins, blockers of 
inhibition, a-adrenergic antagonists, opioid antagonists 


Decreasing outlet resistance at the level of the smooth 
sphincter 
B-adrenergic agonists, a-adrenergic antagonists 


At the level of the striated sphincter 
Skeletal muscle relaxants, centrally acting relaxants, botulinum-A 
toxin, dantrolene, baclofen, a-adrenergic antagonists 


SNRI, serotonin (5-HT)—norepinephrine reuptake inhibitor. 


Therapy to Facilitate Urine Storage 


Inhibiting bladder contractility/increasing bladder capacity 

Antimuscarinic agents, anticholinergic agents, B-adrenergic 
agonists, prostaglandin inhibitors, tricyclic antidepressants, 
botulinum-A toxin, potassium channel openers 

Increasing outlet resistance 


a-adrenergic agonists, tricyclic antidepressants, SNRI, 
B-adrenergic antagonists, estrogen, B-adrenergic agonists 

Afferent nerve inhibitors/decreasing sensory input 

Botulinum-A toxin, local anesthetics, dimethyl sulfoxide, vanilloid 
receptor agonists 
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neuromuscular blocking agent inducing selective and revers- 
ible muscle weakness for up to several months when injected 
intramuscularly in minute quantities. Food and Drug 
Administration (FDA) approvals were gained for neurogenic 
detrusor overactivity in 2011 and for refractory idiopathic 
detrusor overactivity in 2013. Other potential indications 
for botulinum-A toxin include detrusor-sphincter dyssyn- 
ergia, motor and sensory urge, and certain pain disorders. 
Botulinum-A toxin appears to be effective to treat detrusor- 
sphincter dyssynergia when injected either transurethrally 
or transperineally into the external urethral sphincter. Best 
indications seem to be multiple sclerosis and incomplete 
spinal cord injury patients suffering from neurogenic detru- 
sor overactivity and detrusor-sphincter dyssynergia. Besides 
acting presynaptically to prevent release of acetylcholine, 
botulinum-A toxin appears to act on the sensory side of the 
bladder and may work by affecting the TRP channels, thus 
showing promise for disease states where C fiber activation 
is the major pathology leading to overactive bladder or pain- 


ful bladder syndrome (Ikeda et al., 2012). 


Therapy to Facilitate Urine Storage 


Decreasing Bladder Contractility 


Overactivity of the bladder during filling may present as 
involuntary detrusor contractions, decreased bladder com- 
pliance, and/or urgency with or without incontinence. The 
pathophysiology and treatments of detrusor overactivity are 
discussed thoroughly in Chapter 35. Pharmacologic agents 
used to treat detrusor overactivity are directed toward inhib- 
iting bladder contractility or decreasing sensory input during 
filling. Atropine and atropine-like agents depress detrusor 
overactivity of any cause by inhibiting muscarinic choliner- 
gic receptor sites. Propantheline bromide is an oral agent 
with this mechanism of action; however, side effects limit 
its use. Currently available anticholinergic agents include 
oxybutynin, tolterodine, propiverine, trospium chloride, 
solifenacin, and darifenacin. Oral and transdermal prepara- 
tions are available. Direct instillation into the bladder has 
also been described. Efficacy for the treatment of overactive 
bladder is probably similar among these agents, although 
their side effect profiles may differ somewhat. This is prob- 
ably due, at least in part, to their differing selectivity for 
muscarinic receptor subtypes, and thus they have different 
effects on the body in addition to their actions on the blad- 
der. Oxybutynin has moderate selectivity for M3 over Mp, 
M,, and M; receptors but greater affinity for M3 and M; 
receptors. Tolterodine, propiverine, and trospium chloride 
have only modest selectivity for one type of muscarinic 
receptor compared to another. Solifenacin, like oxybutynin, 
is more selective for Mı and M; receptors over other types, 
and darifenacin shows the highest selectivity for M3 recep- 
tors. The impact of these differences in receptor selectivity 
is probably responsible for some of the differences between 
drugs in rates of dry mouth, slowed gastrointestinal motility, 
blurred vision, heart rate changes, and sedation. 

Patients can also have reductions in memory and atten- 
tion, delirium, drowsiness, and fatigue, and these changes are 
partially due to the drug’s relative ability to cross the blood— 
brain barrier. Blood-brain barrier permeability increases with 
age, stress, and certain diseases. All five receptor subtypes 
are expressed in the brain. M} is predominant in forebrain 


and hippocampus (working memory and inhibition), M3 
affects flexibility and memory, and M3 and M; affect learn- 
ing. Darifenacin is more selective for M3 and least likely 
to block Mı. Oxybutynin has small molecular weight, high 
lipophilicity, and neutral polarity, making it more likely to 
cross the barrier than larger, less lipophilic, polarized drugs, 
such as darifenacin, tolterodine, and trospium. Trospium is 
a quarternary amine that is also less lipophilic and less likely 
to cross the blood-brain barrier in patients where CNS side 
effects are of concern. 

Tricyclic antidepressants, particularly imipramine hydro- 
chloride, have prominent systemic anticholinergic effects, 
weak antimuscarinic effects on bladder smooth muscle, 
antihistaminic effects, and local anesthetic properties. Imip- 
ramine also appears to increase bladder outlet resistance by 
a peripheral blockade of noradrenaline uptake. Thus, it may 
be effective for the treatment of urine storage disorders by 
both decreasing bladder contractility and increasing outlet 
resistance. 

Injections of botulinum-A toxin into the detrusor muscle 
were first tested to treat neurogenic detrusor overactivity in 
spinal cord—injured patients and in myelomeningocele chil- 
dren. Excellent results of this therapy into the detrusor in 
neurogenic detrusor overactivity led to an expansion of this 
treatment to incontinence due to idiopathic detrusor over- 
activity. Dosages from 100 to 200 units of onabotulinum-A 
toxin have been recommended, although treatment can be 
individualized. 

Several intravesical treatment options to treat neuro- 
genic detrusor overactivity have been attempted. Currently 
available intravesical treatments either act on the afferent 
arc of the reflex, such as local anesthetics or vanilloid, or 
on the efferent cholinergic transmission to the detrusor 
muscle, such as intravesical oxybutynin or botulinum-A 
toxin. TRP vanilloid receptor agonists reduce sensation or 
afferent input that is necessary to trigger micturition. These 
drugs include capsaicin and resiniferatoxin. Resiniferatoxin 
(RTX) is a pungent substance from a cactus that is 1000 
times more potent than capsaicin in interacting with vanil- 
loid receptors to excite and then desensitize afferent nerves, 
particularly C fiber or bladder afferents, while being much 
less painful than capsaicin for bladder injection. These drugs 
might raise volume threshold for micturition and are poten- 
tially useful for pain disorders and overactive bladder, with 
or without urge incontinence. Clinical application of these 
substances has been limited. Capsaicin has proven too pain- 
ful for patient use, and problems with manufacturing RTX 
have not been overcome. 

Other drugs that have been used to decrease bladder 
contractility include prostaglandin inhibitors and dimethyl 
sulfoxide. The overall clinical response has generally been 
small with these agents. 


Promoting Bladder Storage 


The B-adrenergic agonists offer a unique solution to bladder 
overactivity. Rather than act on the contractility (acetylcho- 
line receptors) side of the bladder by blocking contrac- 
tions, B3 agonists promote urine storage by stimulating 
their receptors. Solabegron has shown promise in European 
studies with a decrease in weekly incontinence episode of 
20.9% compared to placebo, a decrease in micturitions over 
24 h, and an increase in voided volume. Side effects were 


similar among placebo and treatment groups and may pro- 
vide an alternative to anticholinergic medications and their 
side effect profiles. Mirabegron, another B3 agonist, has 
shown similar results with an improved side effect profile 
compared to anticholinergics (Tyagi et al., 2011) and is now 
approved for use in the United States. 


Increasing Outlet Resistance 


Because of the preponderance of a-adrenergic receptor sites 
in the bladder neck and proximal urethra, a-adrenergic ago- 
nists have been used to produce urethral smooth muscle 
contraction, thereby increasing resting urethral pressure and 
resistance to outflow. Beta-adrenergic blocking agents may 
be expected to increase urethral resistance as well, poten- 
tiating an a-adrenergic effect. However, few studies have 
tested this hypothesis, and the clinical effects of either drug 
type are relatively small. 

Duloxetine is a potent and balanced dual serotonin 
(5-HT)-norepinephrine reuptake inhibitor (SNRI) that 
potentiates the physiologic actions of endogenous serotonin 
and NE (by inhibiting the reuptake of these neurotransmit- 
ters in the presynaptic element) and thereby enhancing 
the CNS continence control mechanisms. Duloxetine is 
believed to stimulate pudendal nerve motor output result- 
ing from increased levels of 5-HT and norepinephrine in 
the pudendal motor nucleus. This appears to improve ure- 
thral closure pressure and urethral resistance. Studies have 
shown an improvement in stress incontinence symptoms in 
over 60% of women and a decrease in incontinence episodes 
by over 50%, with variable side effects. Although approved 
in Europe, duloxetine was withdrawn from further study in 
the United States. 

Estrogens affect adrenergic nerves by influencing excit- 
ability, neuronal influences on the muscle, receptor density 
and sensitivity, and transmitter metabolism. The clinical use 
of estrogen to augment lower urinary tract function is dis- 
cussed in Chapter 17. 
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Pelvic Floor 
Anatomy and Composition 


The pelvic floor is a highly complex heterogeneous struc- 
ture that orchestrates support to the vagina, which in turn 
provides support to the pelvic organs. In certain cases, such 
as childbirth, substantial stretch and accommodation of pel- 
vic floor structures must also occur. Although the precise 
physiology by which the pelvic floor provides support to the 
vagina is not understood, it is known to comprise an amalga- 
mation of skeletal muscles, connective tissue supports, and 
bones. Together, this support mechanism serves to maintain 
the location and orientation of the uterus, cervix, vagina, 
bladder, urethra, and the anorectum within the pelvis. 
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The pelvic floor musculature is largely composed of skel- 
etal, or striated, muscle. The predominant muscle group is 
the levator ani muscles, which are the iliococcygeus, pubo- 
coccygeus, and puborectalis muscles. The pelvic floor forms 
the bottom of a bowl that extends anteriorly to the abdomi- 
nal wall and posteriorly to the back and spine. Abnormal 
forces originating from the anterior or posterior trunk, from 
within the abdomen, or from the pelvic floor itself may 
affect its function. This includes the development of pelvic 
floor myalgia as can be seen after lower back injury, or the 
effect of chronic cough as an instigating factor for the devel- 
opment of pelvic organ prolapse. 

In the human, the nervous system is divided into the 
central and the peripheral nervous systems (see Chapter 4). 
The central nervous system is typically considered to include 
the brain and spinal cord, whereas the peripheral nervous 
system encompasses the somatic and autonomic nervous sys- 
tems. Somatic nerves primarily innervate skeletal muscle and 
allow a human to perform voluntary, self-directed actions. 
Conversely, the autonomic nervous system underlies baseline, 
homeostatic functions that occur without conscious thought 
or action. This includes innervation of the smooth muscle of 
visceral organs, the cardiac system, and glandular functions. 

Somatic innervation to the levator ani muscles is sup- 
plied by efferent (motor) nerves specifically arising from 
the pelvic nerve (originating from spinal cord levels S2-S4) 
supplying the peritoneal aspect and the pudendal nerve 
(also from S2-S4) supplying the caudal, or perineal, portion. 
The levator ani muscles maintain a baseline contractile tone 
that helps to preserve the orientation of the pelvic organs 
(Parks et al., 1962; Parks et al., 1966), which was originally 
termed the postural reflex of the pelvic floor (Parks et al., 
1966). This constant tone is dependent on proprioceptive 
afferent input as processed by the dorsal root ganglia in the 
spine and the normal function of afferent sensory nerves. 
Humans can voluntarily increase their pelvic muscle contrac- 
tions, such as in response to an increase in intra-abdominal 
pressure, but the muscles rapidly fatigue and tone returns 
to baseline after an average of 1 min (Parks et al., 1962). As 
humans evolved to become bipedal creatures and obtained 
upright postures, new stress forces emerged that began to 
be countered by the musculature. The pubococcygeus and 
puborectalis muscles bilaterally attach to the pubic bone 
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just lateral to midline and wrap posteriorly around the rec- 
tum, forming a sling observed anatomically as the anorectal 
angle. The iliococcygeus originates from a connective tissue 
condensation (termed the arcus tendineus levator ani) of 
the lateral pelvis near the ilia of the bony pelvis and attaches 
to the coccyx. This large muscle has a horizontal orienta- 
tion and coalesces with the pubococcygeus and puborectalis 
to form the levator plate (median raphe), upon which the 
upper two thirds of the vagina and the uterus rest horizon- 
tally. The urethra, vagina, and rectum descend through the 
interior of this loop in the space termed the urogenital hia- 
tus. As the levators contract, they apply pressure to these 
structures and eliminate potential space. Caudal to the 
levator plate, the vagina and rectum terminate in a vertical 
orientation. 

Smooth muscle fibers are also present, primarily con- 
tained within viscera, including the bladder, urethra, uterus, 
vagina, and bowel. They allow for stretch and accommoda- 
tion during filling of the viscera and evacuation of visceral 
contents in combination with autonomic reflexes. Smooth 
muscle cells can be found, to varying degree, within the 
supportive connective tissue. Many of the components of 
the pelvic floor are noted to be altered in postmenopausal 
women or women with prolapse, and the smooth muscle 
cells are no exception. For example, Ozdegirmenci et al. 
(2005), using computer-based analysis, determined that the 
predicted proportion of smooth muscle cells in the round 
ligament is decreased in women with prolapse. 

In orthopedic terminology, ligaments are the dense 
connective tissue connections bridging from bone to bone 
whereas tendon is the term given to the connection between 
a muscle and a bone. Within the abdomen and the pelvis, 
the term ligament is used more variably. A ligament may 
refer to a fold of peritoneum that formed during embryonic 
development. An example is the hepatoduodenal ligament, 
which contains the portal triad of the hepatic artery, portal 
vein, and the common bile duct. In the pelvis, the ligaments 
typically refer to the connective tissue suspensions tethering 
the viscera (such as the uterus, bladder, urethra, vagina, and 
rectum) to the pelvic sidewall and the bony pelvis. Con- 
densations of connective tissues that provide support to the 
vagina and uterus include the cardinal-uterosacral ligament 
complex and the paravaginal attachments to the arcus ten- 
dineus fasciae pelvis (ATFP). This is collectively known as 
the endopelvic fascia. 

The endopelvic fascia is a continuation of the web of con- 
nective tissue originating at the level of the uterine artery’s 
insertion at the uterus and extending bilaterally to the pel- 
vic sidewalls and caudally to suspend the cervix and vagina. 
Close to the uterus and cervix it is termed the parame- 
trium, and at the level of the external cervical os it becomes 
the paracolpium (DeLancey, 1993). This web periodically 
solidifies into thicker bands called ligaments, which serve to 
support the internal organs of the pelvis and are primarily 
bridges between the viscera and bony structures. DeLancey 
and others have previously discussed a conceptual frame- 
work organizing these connective tissue attachments into 
levels corresponding to support of different anatomic sites 
on the vagina (DeLancey, 1992, 1994) (see Fig. 2.10). Level 
I refers to the support of the vagina at its apex, specifically 
referring to the cardinal and uterosacral ligaments. Level II 
is the lateral support of the midportion of the vagina, where 


the endopelvic fascia coalesces with the ATFP on either 
side. More distally, there is also an attachment between the 
vagina and the arcus tendineus fascia rectovaginalis. Level 
III is the support of the distal vagina, specifically to the peri- 
neal body and the perineal membrane. Injury at different 
levels will cause different anatomic defects. 

The connective tissue itself is composed of a mixture of 
collagen, elastin, proteoglycans, and the extracellular matrix 
(ECM) that acts as scaffolding for the other components. 
Collagen provides the tissue with tensile strength, and elas- 
tin provides resilience, which is the ability for tissue to snap 
back into place after it is deformed or stretched. Large and 
small proteoglycans are extracellular proteins important 
for cell-to-cell connections, or connections between cells 
and the ECM. Through the binding of small proteoglycans 
(decorin, fibromodulin, biglycan, luminican, and chon- 
droadherin) with glycosaminoglycans, they form complexes 
that occupy space within the ECM and help it to resist com- 
pression (Abramowitch et al., 2009). Other proteoglycans, 
including fibronectin, vitronectin, and laminin, serve to cre- 
ate cell-to-cell bindings (Tinelli et al., 2010). The composi- 
tion of the connective tissue is dynamic, with production 
and degradation of collagens occurring as the tissue continu- 
ously remodels in response to stresses, aging, and injury. 
Tissue breakdown occurs after the enzymatic activity of 
acid cathepsins, which break down the protein cross-linked 
bonds that bind collagen fibers together, and matrix metal- 
loproteinases (MMPs), which lead to cleavage of the col- 
lagen fibers themselves (Burleigh et al., 1974). 

Of the 19 known types of collagens, types I and III are 
found most commonly in epithelial tissues (Jackson et al., 
1996). Overall, type I is the collagen found most commonly 
throughout the body. It forms large fibers and provides 
much of the tensile strength for tissues. Types II and II 
also form strong fibers that do not readily deform. Type III 
fibers are smaller than those formed by type I fibers. Type 
HI collagen is typically found more frequently in tissues that 
require flexibility, such as the walls of blood vessels (Moalli 
et al., 2004). Type IV collagen assembles into a network 
configuration instead of distinct fibers, and it may help form 
the basement membrane beneath the fibers (Tinelli et al., 
2010). Type V collagen forms small fibrils and is frequently 
found in wound healing. It also likely directs fibrillogene- 
sis. Heterogeneous fibrils are formed when type I collagen 
copolymerizes with type III or type V collagens. As the pro- 
portion of type III and IV collagens increase as compared 
with type I collagen, the tissue becomes weaker. 

It is thought that hormones may influence the balance of 
collagen types within the tissues. After menopause, if hor- 
mone replacement therapy is not initiated, the amount of 
type I collagen decreases by 75% (compared with premeno- 
pausal women) and the ratio of type I-to-type I/V collagen 
is found to decrease in biopsies from the ATFP (Moalli et al., 
2004). Thus, after menopause, there is an increased propor- 
tion of type III and type V collagens in human connective 
tissue. This group found no difference in the proportion of 
elastin or smooth muscle between pre- and postmenopausal 
women. 

Changes in collagen composition are also likely associ- 
ated with pelvic organ prolapse. Jackson et al. (1996) found 
that the total collagen content of tissue and the solubility of 
that collagen were decreased in premenopausal women with 
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prolapse as compared with control subjects. In their experi- 
ments, there was no change in the collagen I-to-collagen 
II ratios. They also found that MMP and cathepsin activ- 
ity increased for prolapse patients, leading to more rapid 
turnover of the collagen (Jackson et al., 1996). Overall, the 
changes in collagen likely change the tensile strength of the 
tissue, a risk factor for prolapse. It is interesting to note that 
the collagen content is also decreased for women with pro- 
lapse in tissues that do not provide structural support, such 


as the cervix (Wong et al., 2003). 


Function and Biomechanical Properties 


In nonhuman mammalian species, especially for animals that 
walk on four legs, the levator ani muscles primarily control 
the movement of an animal’s tail, and the connective tissue 
alone acts as the primary support structure (Abramowitch 
et al., 2009). For example, the rat has connective tissue 
anatomy that parallels human anatomy in terms of its sup- 
port. The rat has attachments between the upper vagina 
and the spine, similar to the human uterosacral ligaments 
and the Level I support; paravaginal attachments between 
the lateral vagina and the dense connective tissue stretching 
from the pubic symphysis to the lateral bony pelvis, similar 
to the ATFP at Level II; and attachments emulating Level 
III support, connecting the distal vagina with the anterior 
surface of the ischiopubic rami (Moalli et al., 2005). 

In humans, because of the adoption of an upright pos- 
ture, the levator ani muscles and the connective tissue 
structures share the load. The muscles and the endopelvic 
fascia work together to support the pelvic organs. When 
the pelvic floor muscles contract at baseline, the tension 
applied to and experienced by the supportive ligaments is 
reduced. If the muscles are damaged, such as may happen 
after childbirth, or if the nerves that supply the muscles are 
stretched or otherwise damaged, such that the muscles they 
supply are compromised, then the shelf supporting the pel- 
vic organs may sag or the uterus, cervix, bladder, and rectum 
may change their orientation or herniate through the uro- 
genital hiatus. When the organs change their position, addi- 
tional tension is placed on the supporting connective tissue, 
which may then stretch or even rupture, leading to observ- 
able pelvic organ prolapse. It is likely that vaginal childbirth 
serves as an initial instigating event for damage, but it is also 
likely that progressive denervation of the muscles contin- 
ues to occur as a woman ages. Some suspect that pudendal 
nerve trauma (i.e., stretch and elongation during childbirth) 
may play a role, although this remains a point of conten- 
tion. Other risks include chronic increased intra-abdominal 
pressure or repetitive high-pressure straining, such as occurs 
for patients with obesity, chronic cough conditions, chronic 
obstructive pulmonary disease, habitual heavy lifting, or 
chronic constipation. 

Recent work has sought to elucidate the biomechanical 
properties of the pelvic floor. The pelvic floor by default is 
load-bearing, supporting the pelvic organs against the effects 
of gravity and applied intra-abdominal pressure. Hence, 
the standard components of biomechanics, including force 
application, stress deformation, and structural movement, 
will have an obvious effect on its function. 

Applicable biomechanical parameters to this discus- 
sion include materials science terms including deformation, 
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FIGURE 5.1 Structural properties are frequently measured using a 
uniaxial load-elongation test to failure, resulting in a load-elongation 
curve for the tissue complex. (Modified with permission from Abramow- 
itch SD, Feola A, Jallah Z, Moalli PA. Tissue mechanics, animal models, 
and pelvic organ prolapse: A review. Eur | Obstet Gynecol Reprod Biol. 
2009;144 (suppl 1):5146-S158.) 


which is the general term given to the change in size or con- 
figuration of a material due to the actions of an external 
force or change in temperature. Deformation is also called 
strain. The force may be a tensile force, occurring because 
of pulling; a compression force, applied by pushing; or tor- 
sion, which is applied by twisting. The connective tissue 
within ligaments typically contributes to their viscoelastic 
property—the ability to initially resist strain, then to stretch 
as they begin to deform, and then to snap back and regain 
their previous configuration once the force is removed. If 
enough strain is experienced by the tissue, it may lose its 
recoil ability and undergo structural failure, in which rup- 
ture occurs. As an example from the orthopedic literature, 
we know that after ligaments are damaged, their collagen 
remodels as they heal. After healing from injury, the com- 
position of the ligament changes; it is frequently stiffer and 
may be permanently stretched and elongated, losing its abil- 
ity to recoil normally (Tinelli et al., 2010). 

Biomechanical properties may be structural or mechani- 
cal. This was well described by Abramowitch et al. (2009). 
Structural properties describe how tissues react when a load 
or force is applied; they are dependent on the actual size 
and shape of the tested tissue. Thus, a larger tissue sample 
generally performs better than a smaller tissue sample. An 
example is a uniaxial load-elongation test to failure (Fig. 5.1; 
Abramowitch et al., 2009). In this test, one edge of a tis- 
sue sample is rigidly fixed, and the other is connected to a 
movable arm, which stretches the tissue until the point of 
failure. The length that the tissue stretches as well as the 
force applied can be measured. The linear stiffness of the 
tissue is the slope of the load-elongation curve. 

Measurement of mechanical properties is different 
because these properties take into account the differing 
sizes and shapes of a tissue sample. To obtain these formu- 
las, the force applied to the tissue is divided by the specific 
cross-sectional area of the tissue; this is the stress. Measure- 
ment of mechanical properties also allows quantification 
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FIGURE 5.2 Mechanical properties are frequently measured using 
the uniaxial tensile test to failure, resulting in a stress-strain curve. 
(Modified with permission from Abramowitch SD, Feola A, Jallah Z, 
Moalli PA. Tissue mechanics, animal models, and pelvic organ pro- 
lapse: A review. Eur | Obstet Gynecol Reprod Biol. 2009;144(suppl 1): 
$146-S158.) 


of strain by calculating the difference in length from the 
original to the stretched tissue after the force is applied. 
As these properties are calculated per unit area, we believe 
they provide a more direct biomechanical measurement of 
the microcomposition of a tissue. For the particular tissue, 
how does its collagen, elastin, and smooth muscle composi- 
tion contribute to its function? This is typically measured via 
a uniaxial tensile test to failure, also known as a stress-strain 
curve (Fig. 5.2; Abramowitch et al., 2009). Here, the tissue 
is clamped on at least two sides. Lengthening and stress sus- 
tained can be measured. The tangent modulus (also called 
the elastic modulus or Young’s modulus) is the slope of this 
curve, and the tensile strength of the tissue is the maximal 
stress it can support. Of note, the tensile strength of a tissue 
may differ depending on the axis in which it is stretched— 
whether it is pulled linearly to the majority of muscular or 
connective tissue components or whether it is pulled per- 
pendicularly. This differential stretch behavior is termed 
anisotropy. 

Stretch must occur during childbirth. As the fetal head 
descends into the pelvis from the uterus, through the cer- 
vix, and into the vagina, it must by definition pass through 
the urogenital hiatus. The bones of the fetal skull differen- 
tially deform based on whether the fetus is preterm or is 
at term, the shape of the mother’s pelvis, and the force of 
the expulsive labor efforts, but the head still must narrow 
and elongate as molding occurs during the second stage of 
labor. It is estimated that the average suboccipito-bregmatic 
diameter, the smallest aspect of the presenting fetal head, is 
9.2 cm (Pu et al., 2011) after molding. The urogenital hiatus 
is estimated to be 2.5 cm transversely from medial border 
to medial border between the levator ani muscles in an aver- 
age nonpregnant woman without prolapse (DeLancey and 
Hurd, 1998). During delivery, the urogenital hiatus must 
rapidly dilate, similar to the dilation of the cervix but over 
a much shorter time frame. The particular biomechanical 
property affected is the stretch ratio, an extension of the 


normal strain described previously. The stretch ratio is a 
term referring to the ratio between the length of a tissue 
under stretch over the length of the tissue at rest. Brooks 
et al. (1995) determined a maximum stretch ratio of 1.5 
before muscle tissue undergoes structural failure, with sub- 
sequent rupture of muscle fibers. Using computer model- 
ing of magnetic resonance images of the pelvis obtained 
from a nulliparous woman and simulating the passage of 
a fetal head through the pelvic floor model, Lien et al. 
(2004) found that the medial portion of the pubococcygeus 
muscles stretched the most, with a stretch ratio of 3.26, 
but that 79% of the simulated muscles had a stretch ratio 
greater than 1.5. Thus, it is likely that most vaginal deliver- 
ies lead to some amount of permanent stretch damage to 
the muscles of the pelvic floor. 

Compared with other medical fields such as orthopedic 
surgery, female pelvic medicine and reconstructive surgery 
is in its infancy in terms of research into the biomechani- 
cal principles that apply to our work. We are only begin- 
ning to understand the effect of injury of the pelvic floor 
as a result of childbirth, the application of chronic pressure 
because of obesity or recurrent Valsalva with heavy lifting, 
chronic constipation or cough, or other trauma to the pelvic 
floor. Likewise, we have poor understanding of the healing 
and repair mechanisms undertaken by the pelvic soft tis- 
sues after injury. In the future, it will be critical to improve 
our understanding of all of these components if we are to 
have confidence in our understanding of the mechanisms 
of pelvic organ prolapse and to improve the longevity and 
specificity of our surgical corrections. 


Vagina 
Anatomy and Composition 


The vagina is composed of muscular and connective tissue 
elements. It is also richly vascular. The vagina is commonly 
described as a fibromuscular tube extending from the cer- 
vix to the perineum. The layers of the vagina include an 
epithelial surface, the lamina propria, the vaginal muscula- 
ris, and the adventitia. The surface of the vagina is lined 
with stratified squamous epithelial cells that are nonkera- 
tinizing. Histologically, there are four main epithelial lay- 
ers: (1) most superficially, nonkeratinized cells with small, 
pyknotic nuclei; (2) an intermediate glycogen-containing 
cellular layer; (3) proliferating parabasal cells; and (4) the 
basal epithelial layer (Forsberg, 1995). Adjacent to the epi- 
thelium is the lamina propria, or subepithelium, a layer of 
dense connective tissue that is composed of collagen and 
elastin. Next is the muscularis, which is largely composed 
of smooth muscle cells. The smooth muscle adopts a circu- 
lar configuration for its inner layer and then a longitudinal 
orientation in its outer layer (Siddique, 2003). Intercalated 
between the smooth muscle bundles of the muscularis 
are blood vessels. Finally, the adventitia is a layer of loose 
connective tissue and contains collagen, elastin, additional 
smooth muscle, and additional vasculature. The composi- 
tion of the connective tissue here includes 84% collagen and 
13% elastin (Abramowitch et al., 2009; Moalli et al., 2004). 
Overall, the vagina and the endopelvic fascia are very simi- 
lar in terms of their collagen configurations (Keane et al., 
1997). Thus, clinically obtained vaginal biopsies may allow 
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extrapolation to the collagen composition of the endopelvic 
fascia for a particular patient. 


Embryology and Innervation 
(Also See Chapter 3) 


The innervation differs between the proximal and distal 
portions of the vagina, and these differences begin early in 
embryogenesis. Embryologically, the distal two thirds of the 
vagina arises from an outgrowth of the endoderm of the 
urogenital sinus, the paired sinovaginal bulbs. The proximal 
one third of the vagina, as well as the cervix and the uterus, 
arise from the uterovaginal primordium, which is the result 
of fusion of the paramesonephric ducts in the midline. The 
solid sinovaginal bulbs eventually fuse together, grow cepha- 
lad, and then fuse with the uterovaginal primordium. This 
whole structure then eventually canalizes to form the vagina. 
The original junction between the sinovaginal bulbs and the 
urogenital sinus is the site of the future hymen. Reflecting 
differential embryologic origins, innervation to the upper 
portion of the vagina is via the inferior hypogastric nerve 
plexus, and innervation to the lower vagina and skin is from 
the pudendal nerve. The spinal origin of all of these nerves 
is the sacral levels S2 to S4 (Siddique, 2003). 

Important to note is the convergence of sensory input 
from the pelvis at the level of the spinal cord and the brain. 
Although afferent sensations are tracked independently 
from various end organs (bladder, ureters, vagina, the skin), 
there is dynamic processing of the inputs centrally, such that 
pathophysiology from one organ may affect others. This 
helps to explain the expression of numerous pelvic pain syn- 
dromes within the same individual, such as endometriosis, 
interstitial cystitis, irritable bowel syndrome, and fibromy- 
algia. There may also be overlap of the sensory nerve fibers 
within the pelvic nerve plexus. 


Orientation and Structural Support 


The vagina contains a convex angle, with the uppermost 
portion in a nearly horizontal orientation as it rests on top of 
the levator muscles and the distal portion descending more 
vertically. The angle occurs as the vagina descends through 
the genital hiatus and is caused by the sling of levator mus- 
cles contracting at baseline. Funt et al. (1978) found this 
angle to average 130° in the supine position on X-ray vagino- 
gram. The levator plate helps to withstand downward forces 
caused by Valsalva maneuvers or other increases in intra- 
abdominal pressure. For example, if this angle is lost because 
of a lack of tone of the puborectalis muscle or a compromise 
in the connective tissue attachments, the genital hiatus will 
widen and the risk of prolapse and herniation through the 
genital hiatus increases (Nichols et al., 1970). This clini- 
cally has practical effects when considering the approach 
for a prolapse repair. Any repair that changes the angle of 
the vagina may circumvent this normal anatomic support. 
For example, using magnetic resonance imaging of supine 
women, the average angle was found to be 145°. Two differ- 
ent investigative groups confirmed differential postoperative 
angles after different surgical procedures; after abdomi- 
nal sacrocolpopexy with Burch colposuspension, the angle 
was 137° to 149°, and after sacrospinous ligament fixation 
the angle was increased at 215° to 220° (Rane et al., 2004; 


Sze et al., 2001). In considering these examples, it is impor- 
tant to remember that the normal anatomy has already been 
disrupted, leading to the prolapse. However, on the basis of 
imaging studies, it appears that sacrocolpopexy leads to a 
better restoration of the normal angle than does sacrospi- 
nous ligament fixation. 

Because of its attachments to the ATFP and the arcus 
tendineus rectovaginalis, the midvagina in cross-section for a 
woman with normal support has an “H” configuration. This 
has been confirmed on magnetic resonance imaging (Field- 
ing et al., 1996). 

Overall, the vaginal epithelium contributes little struc- 
tural strength on its own. Instead, structural integrity is sup- 
plied by the deeper layers of connective tissue and smooth 


muscle (DeLancey, 1992; Moalli et al., 2004). 


Function 


The normal functions of the vagina include response to hor- 
monal stimulation, lubrication and stretch during sexual 
activity, immunologic protection to help protect against 
the acquisition of infectious diseases, and remodeling and 
stretch to allow for vaginal childbirth. 

As a premenopausal woman traverses the menstrual 
cycle, the vaginal epithelium responds to fluctuating hor- 
mone levels. Sjoberg et al. (1988) collected vaginal biop- 
sies from women every third day throughout the menstrual 
cycle. They reported that the epithelium normally thick- 
ens and superficial epithelial cells mature when circulating 
estrogen levels are high. Under high progesterone levels, 
superficial cell layers are shed and the basal portion of the 
epithelium is more quiescent. Proliferation is confined to 
the parabasal cell layer. At the time of ovulation, the epithe- 
lium is maximally thickened and mature. 

One of the consequences of sexual excitation is genital 
congestion, which is thought to be a reflexive autonomic 
response. The major neurotransmitters involved with this 
response are nitric oxide, which acts on the clitoris, and 
vasoactive intestinal polypeptide (VIP), which affects the 
vagina. There may be other neurotransmitters that have not 
yet been identified. With this reflexive response, the geni- 
tals become engorged and lubrication is increased. This is 
partly mediated by increased vascular flow and is depen- 
dent on estrogen. After menopause, paravaginal vasodila- 
tion is compromised because of a decrease in the number of 
estrogen receptors on the vascular endothelium, and it may 
lead to deficits in the genital congestion response (Basson, 
2009). 

Before menarche, the vaginal epithelium is thin and the 
vaginal pH is relatively high (pH > 4.7). As endogenous estro- 
gen production is initiated by the ovaries, the vaginal epithe- 
lium thickens and glycogen levels in the epithelium increase. 
Once a woman begins menstruating, the vagina maintains a 
pH in the acidic range (pH < 4.5). It is thought that this 
pH level is established as the naturally predominant Lacto- 
bacillus bacteria ferment the glycogen present in the vagi- 
nal epithelium, converting it into lactic acid (Fettweis et al., 
2012) Lactobacilli also produce hydrogen peroxide, contrib- 
uting to the acidic environment. After menopause, as serum 
estrogen levels decrease, estrogen receptors are subsequently 
downregulated in the epithelium. The proportion of inter- 
mediate and parabasal cells in the epithelium increases, with 


few superficial basal cells seen. There is less vaginal blood 
flow. The vaginal epithelium thins and elasticity is reduced. 
Normal vaginal secretions decrease, and glycogen stores 
decrease. This results in a higher baseline vaginal pH level 
(Tsai et al., 1987). Estrogen receptors are restored and vaginal 
pH returns to an acidic level if exogenous estrogen hormone 
therapy is administered (Basson, 2009). There is currently a 
large body of research examining biofilms and other immuno- 
logic defenses of the vagina in preventing infection. 

One of the critical functions of the vagina is to stretch to 
allow for the vaginal delivery of offspring. However, vaginal 
parturition has long been recognized as a major risk fac- 
tor in the development of pelvic organ prolapse, and new 
research has attempted to elucidate the mechanism of the 
development of this disease. Throughout the body, elastin 
is generally a stable and permanent component of tissue. It 
is remarkable that, in the vagina, elastin is actually resynthe- 
sized after childbirth. Rodent models of pelvic organ prolapse 
have been developed in which proteins important for elastin 
fiber assembly have been genetically knocked out, includ- 
ing null mutations in lysyl oxidase-like-1, as reported by Liu 
et al. (2006) and Lee et al. (2008), and fibulin-5, as reported 
by Drewes et al. (2007). Both of these rodent models dem- 
onstrate pelvic organ prolapse associated with pregnancy. 


Biomechanical Properties and Histology 


The biomechanical properties of the vagina likely demon- 
strate anisotropy, as previously defined. Hence, vaginal tis- 
sue behaves differently when it is stretched longitudinally as 
compared with when it is stretched circumferentially. This 
is seen with the disproportional circumferential stretch nec- 
essary for vaginal parturition as compared with more mod- 
erate lengthening of the vagina. 

Goh (2002) performed an experiment examining longi- 
tudinal anterior vaginal wall tissue samples from pre- and 
postmenopausal women, all with prolapse. This study did 
not control for hormone replacement therapy use. Samples 
were normalized by cross-sectional area. No differences in 
elongation length or deformation amount were found, but 
an increased elastic modulus was found, which indicated 
increased stiffness in postmenopausal tissues. On the basis 
of the experiment, this may reflect age-related changes, but 
conclusions cannot be drawn regarding changes on the basis 
of prolapse status. 

Subsequently, Lei et al. (2007) used similar techniques 
to test the biomechanical properties of pre- and postmeno- 
pausal Chinese women with and without prolapse. All vagi- 
nal samples were obtained in a longitudinal orientation from 
the midline anterior vagina at the time of hysterectomy. 
Subjects were controlled for hormone use and smoking his- 
tory; no subjects were using hormone therapy, and all were 
nonsmokers. The mechanical properties of the tissue were 
measured, and stress-strain curves were calculated. For all 
patients with prolapse, the biomechanical properties of the 
tissues were inferior; they had shorter lengths of maximum 
elongation and fracture, and they had an increased elastic 
modulus. Overall, they concluded that for women with pro- 
lapse, the connective tissues had decreased elasticity and 
increased stiffness. 

Thus, independent of postmenopausal status, prolapse 
itself is associated with histologic changes in the composition 
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of the vagina. Badiou et al. (2008) found a decreased pro- 
portion of smooth muscle cells in biopsies from the anterior 
vaginal wall of women with prolapse versus controls. Hence, 
these women have a greater fraction of collagen and ECM 
within the vaginal muscularis. In addition, the normally 
tightly organized smooth muscle bundles were less dense 
and less rigidly structured. 

Badiou et al. (2008) further present a hypothesis in 
regards to the decreased smooth muscle cells. One of the 
explanations could be apoptosis of these cells. After the pro- 
gramed cellular death of apoptosis, fibroblasts frequently 
enter the tissue and may produce de novo collagens, chang- 
ing the collagen ratios. As discussed above, this has been 
observed in human tissue biopsies from various components 
of the pelvic floor and vagina. This may have direct clini- 
cal ramifications, especially in the consideration of vaginal 
graft materials such as synthetic mesh grafts. If the graft 
materials also lead to apoptosis, or hasten it in tissue already 
compromised and prolapsed, then could this hasten abnor- 
mal collagen production? These questions will be critical as 
next-generation graft materials are developed. 


Anorectum 
Anatomy and Composition 


The rectum and anus are the terminal portions of the gastro- 
intestinal tract. The rectum is approximately 12 to 15 cm 
long, and the anus is 2 to 4 cm long. Women have a slightly 
shorter anal canal than men, with a mean length of 3.7 cm 
versus 4.6 cm, respectively (Irving and Catchpole, 1992). 
As is seen elsewhere in the gastrointestinal tract, the rectum 
as described from its inner to outer layers has a mucosal 
surface, a submucosal layer, a muscularis, and a serosal layer 
(see Fig. 5.3). The muscular layer is composed of an inner 
circular layer of smooth muscle fibers and an outer longitu- 
dinal layer. As is true for the entire gastrointestinal tract, the 
rectum includes a network of intrinsic neurons, located in 
the submucosa (the submucosal or Meissner’s plexus) and 
between the circular and longitudinal muscle layers (myen- 
teric or Auerbach’s plexus). The rectal mucosal surface and 
the proximal portion of the anus are lined with columnar 
epithelium until the dentate or pectinate line, located at 
the midpoint of the anal canal approximately 2 cm proxi- 
mal from the end of the anal canal. The dentate line is the 
point at which the epithelium transitions to squamous epi- 
thelium (Irving and Catchpole, 1992). The distal portion of 
the anus past the dentate line is called the anoderm, and it 
has numerous sensory nerves that allow for determination 
of tactile and nociceptive signals. This area is important for 
continence because it is one of the final areas to help deter- 
mine the composition of a bolus passing through from the 
rectum, be it solid, liquid, or gas. The termination of the 
anal canal is the anal verge, where the epithelium of the 
anus changes to the keratinized epithelium of the perianal 
skin. 

The anatomy of the anal canal sphincter complex 
includes the internal anal sphincter (IAS), which is com- 
posed of smooth muscle fibers, and the external anal 
sphincter (EAS), which extends more distally and is made 
of skeletal muscle. It may also include a component of the 
puborectalis muscle, one of the levator ani muscles, which 
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FIGURE 5.3 Layers of intestinal wall showing the locations of the submucosal and myenteric nerve plexuses: A, three-dimensional representa- 
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is also composed of skeletal muscle. Above the dentate line, 
the anal mucosa is folded into what is eponymously termed 
the columns of Morgagni (named after the Italian anatomist 
Giovanni Batista Morgagni, who lived from 1682 to 1771; 
Haubrich, 2002), a configuration that may contribute to 
the baseline coaptation of the anal canal. The anal vascular 
cushions, located in the submucosa above the dentate line, 
provide a final passive seal for the anal canal when engorged 
with blood (Lestar et al., 1992). 

Continence is complex and requires the coordination of 
multiple muscle types. The IAS is the final extension of the 
rectal circular smooth muscle fibers and is under autonomic 
control. The IAS is proximally wrapped by the puborectalis 
muscle and distally by the EAS. The striated muscle of the 
EAS is innervated by the inferior hemorrhoidal branch of 
the pudendal nerve; thus, it is under volitional control. A 
portion of the EAS anteriorly fuses with the perineal body; 
fibers laterally and anteriorly fuse with the right and left 
transverse perinei muscle bodies (Raizada et al., 2011). The 
EAS works with the IAS to provide the resting pressure of 
the anal canal. Historically, it was established that the IAS 
contributed up to 85% of the resting pressure; thus, it was 
a major component of baseline fecal continence (Frenckner 
and Euler, 1975). With improved measurement and the abil- 
ity to perform manometry with concurrent endoanal ultra- 
sound, we have been able to more precisely determine the 
anatomy of the canal. An example of this was demonstrated 
by Wong et al. (1998), who showed that the EAS may in 
fact play a major role in baseline pressure once measured in 
an upright position or when physical activity alters abdomi- 
nal pressures. The EAS can be further recruited via volun- 
tary control, resulting in increased pressure and improved 
maintenance of continence when rectal filling occurs. This 
helps to abate feelings of urgency while awaiting a socially 
acceptable moment for defecation. 

The pubococcygeus and puborectalis muscles wrap pos- 
terior to the rectum, suspending it anteriorly toward the 


pubic symphysis. Contraction of the puborectalis muscle 
via baseline muscle tone helps form the anorectal angle at 
90°, which historically has also been thought to contribute 
to baseline fecal continence (Palit et al., 2012). 

With voluntary squeeze, the anorectal angle narrows 
and moves ventrally and cranially. These anatomic changes 
contribute to the ability to defer defecation. Using a com- 
bination of magnetic resonance imaging, three-dimensional 
endoanal ultrasound, and high-definition anal manometry 
to examine anal sphincter control in humans, Raizada et al. 
(2011) found that the proximal portion of the anal sphinc- 
ter mechanism includes some voluntary control supplied 
by the puborectalis muscle. Their high-definition manom- 
etry probe consisted of 256 pressure sensors in a 16 x 16 
grid over a 64-mm-long pressure discrimination zone. Upon 
voluntary squeeze in human subjects, pressure increases 
asymmetrically, with the strongest pressures measured at 
the anterior and most distal portions of the anal canal. In 
addition, a portion of the puborectalis muscle was found to 
occlude the cranial portion of the anal sphincter (Raizada 
et al., 2011), just as the EAS contracts the distal portion. 
It is likely that in addition to its effects on the anorectal 
angle, the puborectalis muscle contributes to continence 
as part of the actual anal sphincter mechanism. The exact 
contribution of the EAS versus the puborectalis muscle as 
applied to the continence status of women has not yet been 
determined. 

A clinical example of a malfunctioning anal sphincter 
mechanism is found in obstructive defecation, also known 
as pelvic floor dyssynergia or anismus. In this disorder, 
there is a paradoxical contraction of the anal sphincter 
complex with attempts to defecate. Alternatively, there is 
an inability to coordinate the abdominal, rectal, and pelvic 
floor muscles with defecatory trials. Dyssynergia is impli- 
cated in the etiology of up to 30% to 50% of patients with 
chronic constipation (Rao, 2001). Patients with this condi- 
tion report extended periods of straining in their attempts 
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to defecate. It has been found that abnormal contractions 
of the puborectalis muscle and the EAS contribute to dys- 
synergic defecation (Dailianas et al., 2000). In conclusion, 
proper function of both of these striated muscles is neces- 
sary for normal defecation, with the ability to recruit and 
then relax the muscles on demand. 


Innervation 


Intrinsic Enteric Nervous System 


The physiology of colorectal function is dependent on prop- 
erly functioning innervation of the bowel. We must start 
with a discussion of the neurologic control of the gastro- 
intestinal tract itself. As previously discussed, the neural 
physiology of the body can be divided into the central and 
peripheral nervous systems. The gastrointestinal tract con- 
tains yet another distinct component of the nervous system 
that is separate from the central and peripheral divisions. 
Most nerve control of the colon is supplied via what is 
called the enteric nervous system (ENS), with a network of 
ganglia located in the gut wall controlling basic functions, 
such as peristalsis or secretory reflexes (see Fig. 5.3). In 
this intrinsic enteric nerve plexus, neuronal cell bodies are 
located within the muscularis of the bowel wall itself. It is 
estimated that there are 80 to 100 million neurons located 
within the ENS, approximately the same number as might 
be found in the spinal cord (Kandel et al., 2000). Signals are 
modulated and propagated quickly along the length of the 
bowel through the release of neurotransmitters. 

There are clinical diseases specifically noted to affect the 
ENS ganglia. There are two major examples. The first is 
Hirschsprung’s disease, a congenital disease resulting from 
an incomplete migration of neural crest cells during devel- 
opment. This leads to an aganglionic state with no identi- 
fiable ganglion cells within the myenteric plexus for some 
portion of the intestinal tract, typically in the colon. Disease 
sequelae include chronic constipation and proximal dilation 
of the colon due to the contracted distal aganglionic section. 
The dilation is also called congenital megarectum. Biopsies 
of the rectal wall confirm an absence of neuronal ganglia. 
The second is an acquired form, seen in patients with Cha- 
gas disease, a tropical parasitic infection. When the disease 
becomes chronic, there is a decrease in the ganglionic cells 
identified in the myenteric plexus. The ganglia normally 
contain nitric-oxide-producing neurons of the ENS, which 
allows inhibition of the IAS, resulting in defecation. For 
both of these pathologic conditions, the IAS is unable to 
relax, resulting in continued tonic contraction and a failure 
to pass the contents of a rectal bolus; ballooning of the rec- 
tal wall eventually occurs and may result in a megarectum 
state. 


Sympathetic Control 


The intrinsic ENS interacts with elements of the somatic 
and autonomic nervous systems. Extrinsic nerve supply to 
the bowel is supplied by the autonomic nervous system— 
the sympathetic and parasympathetic systems. The extrin- 
sic inputs modulate the actions of the intrinsic system, 
but the intrinsic system maintains predominant control of 
bowel function. These extrinsic nerves directly innervate 
the enteric smooth muscle, and some evidence suggests that 
they may also innervate the ENS ganglia. 


As previously discussed in this book, the ability of the 
autonomic motor system to affect distant targets in the body 
(smooth muscle, cardiac muscle, glands) involves a chain of 
neural connections. This is in contrast to the somatic motor 
system, which innervates skeletal muscle. In the somatic 
system, a neuronal cell body is typically located within the 
central nervous system, and a single, very long axon trav- 
els through the body before synapsing directly on its end 
target, the muscle. The autonomic system has an interven- 
ing synapse somewhere along its pathway; thus, it has, at 
minimum, a two-neuron chain. The term efferent describes 
pathways traveling away from the central nervous system, 
typically descending toward a target and carrying informa- 
tion regarding motor effects. Afferent is the name given 
to ascending pathways traveling from the end organ back 
toward the central nervous system, typically transmitting 
sensory information from the target. For efferent autonomic 
nerves, traveling toward an end target organ, the first neu- 
ron typically has its neuronal cell body located within the 
central nervous system (the spinal cord or the brain stem) 
and synapses onto the cell body of a subsequent neuron 
within an autonomic ganglion. Axons of the central neurons 
traveling toward ganglia are called the preganglionic fibers, 
and axons traveling from the ganglionic cell bodies are called 
postganglionic fibers. The postganglionic fibers can then syn- 
apse onto the final target or onto another intervening cell. 

The sympathetic neurons have cell bodies located within 
the spinal cord, in the intermediolateral region (see Fig. 
5.4). Axons leave the spinal cord via the ventral root at the 
spinal cord level where the cell body is located. They then 
run together with the somatic motor nerves in the spinal 
nerve for a short time, but then they enter the sympathetic 
nerve trunks, which run parallel to each side of the spinal 
cord and contain periodic ganglia in a paravertebral chain. 
The connections between the spinal nerve and the paraver- 
tebral chains are called white myelinated rami. The axons 
can run cephalad or caudad within the paravertebral chains 
as they travel toward their targets. Each preganglionic axon 
then synapses with multiple postsynaptic cell bodies in dif- 
ferent ganglia. Postganglionic axons leave the sympathetic 
chain via gray unmyelinated rami and travel in large bundles 
along spinal nerves projecting to targets in various parts of 
the body. Sympathetic nerve supply to the pelvis comes 
from the T5 to L2 spinal cord levels. 

For the colorectal system, there are some sympathetic 
preganglionic fibers that leave the spinal cord, travel through 
the paravertebral chain without forming a synapse, and fol- 
low branches of the splanchnic nerve before synapsing into 
postsynaptic cell bodies within the prevertebral ganglia. 
These ganglia are located somewhat away from the spinal 
cord and include the celiac ganglion, the superior mesen- 
teric ganglion, and the inferior mesenteric ganglion (Kandel 
et al., 2000). 

In the rectum, sympathetic nerve supply leads to inhibi- 
tion and thus relaxation of smooth muscle, and it contrib- 
utes to contraction of the IAS (Wester and Brubaker, 1998). 


Parasympathetic Control 


In the parasympathetic system, cell bodies are found in spe- 
cific nuclei in the brainstem and in the sacral segments S2 
to S4 of the spinal cord. As opposed to the sympathetic gan- 
glia, the parasympathetic system has very long preganglionic 
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nerves and very short postganglionic connections, such that 
the ganglia in most instances are located within the wall of 
the end target organ. Thus, the relay point in these connec- 
tions is located in the periphery of the body. This has prac- 
tical importance for pathologic conditions. For example, if 
urinary retention occurs, the bladder wall may stretch and 
could potentially lead to irreversible damage to the parasym- 
pathetic neural connections located within the visceral wall. 

The parasympathetic nerve supply for the upper colon 
arises from the vagus nerve, and for the distal colon and rec- 
tum it arises from the sacral nerve plexus. The innervation 
from the vagus nerve travels along the course of the superior 
mesenteric artery. The innervation of the sacral nerve plexus 
parallels the course of the inferior mesenteric artery. The 
dorsal vagal nucleus is located in the brainstem and contains 
parasympathetic neuronal cell bodies; preganglionic fibers then 
project through via an association with Cranial Nerve X before 
synapsing in ganglia associated with thoracic and abdominal 
targets, including the upper gastrointestinal tract. Where the 
sacral nerve arises in segments S2 to S4 of the sacral spinal 
cord, the parasympathetic preganglionic cell bodies also lie in 
the intermediolateral column of the spinal cord and exit the 
ventral roots of the cord parallel to the sympathetic fibers. The 
parasympathetic nerves then travel in the pelvic nerve toward 
the pelvic ganglion nerve plexus (Kandel et al., 2000). 

In the rectum, parasympathetic nerve supply activates 
smooth muscle and leads to contraction of the rectum, 
and it contributes to relaxation of the IAS (Wester and 
Brubaker, 1998). These actions are necessary for defecation 
in addition to the intrinsically-mediated actions. 


Extrinsic Afferents 


Sensory afferent information from the bowel is commu- 
nicated directly to the spinal cord via sensory nerves that 
travel through posterior sacral nerve roots to level S2 to 
S4. Information from sensory afferents passes through two 
major neural pathways: one originating from the lumbar 
splanchnic/colonic nerves and one traveling via the pelvic/ 
rectal nerves. As is true for most visceral afferents, rectal 
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afferents are polymodal in that they can be activated by 
different stimulus modalities. The best characterized affer- 
ents are mechanosensitive and respond to distention of the 
colon, conveying a sense of fullness or even urgency. How- 
ever, afferents can also respond to chemical signals, such 
as inflammatory cytokines, which may contribute to tenes- 
mus and frequent low-volume or even frustrated defeca- 
tion attempts in affected patients. In addition, the afferents 
likely communicate information when the colonic wall con- 
tracts; this may be the origination of the visceral pain sen- 
sations that are experienced as colonic spasms or “colicky 
pain,” as is sometimes described by patients. 

Clinically, the importance of balancing excitatory and 
inhibitory influences can be highlighted by the example of 
patients with spinal cord injuries (SCIs) who develop neu- 
rogenic bowel symptoms. For these patients, constipation 
is the most prevalent problem, likely resulting from inad- 
equate sensory afferent input. However, these patients may 
also experience fecal impaction, with a lack of control when 
a bowel movement arrives, resulting in fecal incontinence. 
Here, inhibitory control is inadequate. One rare and extreme 
treatment example involves a posterior sacral rhizotomy, in 
which the posterior nerve roots at the S2 to S4 levels are 
ligated to decrease irritative or spastic sensations from reach- 
ing the spinal cord via the normal reflex arc (Ebert, 2012). 
Reflexive defecation can no longer occur because the reflex 
arc has been interrupted, but it improves control for patients 
because the risk of incontinence is much lower once the 
spastic activity is truncated. Manual rectal stimulation or the 
implantation of sacral nerve electrical stimulators that stimu- 
late the anterior sacral nerve roots must be used to initiate 
the defecatory sequence after posterior sacral rhizotomy. 


Defecation and Continence 


The normal control of defecation is a combination of reflexive 
action and voluntary control. The act of defecation has been 
proposed to consist of four distinct phases: (1) the transit of 
stool in an antegrade direction because of colonic propulsion, 
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(2) storage of stool in the rectum until a convenient defeca- 
tory time is available, (3) passage of stool, and (4) the resolu- 
tion of defecation (Palit et al., 2012). The body’s mechanism 
for defecation involves the interaction of enteric neurologic 
control, stool composition and consistency, spinal reflexes, 
and voluntary control as established at the time of toilet 
training. 

The ENS is responsible for most bowel actions, such as 
peristalsis or gut secretory functions. Peristalsis involves the 
sequential contraction of adjacent segments of the bowel 
wall. At the time of contraction, the smooth muscle fibers 
shorten and waste contents progress in the direction of a 
propagating wave if not impeded by a downstream obstruc- 
tion. The obstruction typically presents in the form of 
a functional rather than a structural change. Functional 
obstructions include retained fecal matter or contracted 
segments of the colon. Normal peristaltic movement is 
accompanied by the maintenance of a low intraluminal pres- 
sure (Brookes et al., 2009). However, if obstruction occurs 
and resistance is met, pressure in the segment increases, the 
smooth muscle does not shorten, and the contents do not 
advance. 

Once food and waste passes through the ileocecal valve 
into the large intestine, colonic contractions may then move 
contents either antegrade toward the rectum (aboral) or 
retrograde back toward the mouth (oral). Within the colon 
there is typically a mix of antegrade and retrograde contrac- 
tions, with the balance normally toward antegrade such that 
there is net forward propulsion of colonic contents. Unlike 
the more proximal areas of the gastrointestinal tract, the 
colon does not exhibit stereotypic patterns of motor activ- 
ity, with many of the ongoing contractions leading only to 
segmentation or transit over short distances (i.e., nonpropa- 
gating waves). However, occasional powerful contractions 
originate in the proximal colon and migrate distally, typi- 
cally resulting in defecation. These enterically controlled 
propagating waves are termed mass movements or giant 
migrating contractions, and they were first described in the 
intestines of cats by Cannon (1902). There appears to be 
a circadian rhythm pattern for peristalsis, with propagating 
and nonpropagating waves occurring less frequently at night 
(Brookes et al., 2009; Rao et al., 2004). 

Likewise, in the rectum, enterically controlled periodic 
contractions seem to be the dominant motor activity as 
opposed to the predominant propagating waves seen more 
proximally in the bowel. Kumar et al. (1989) recorded what 
are termed rectal motor complexes (RMCs) in humans. The 
RMCs exhibit activity 3 to 6 times/min. Episodes of activity 
last for 3 to 30 min and occur intermittently, approximately 
every 80 to 90 min during the day and twice as frequently 
at night. At least one study suggests that in the rectum, ret- 
rograde contractions predominate. Rao et al. (2004) found 
that 4% to 5% of contractions in the rectum propagated 
in an antegrade direction and 14% to 36% of contractions 
propagate retrograde. The remaining contractions either 
propagated bidirectionally or were confined to the rectum 
and did not move rectal contents (Rao and Welcher, 1996). 
In this case, the local pressure likely increases and tension is 
sensed in the rectum. It is thought that nonpropagating and 
retrograde contractions may enable the rectum to function in 
its storage capacity rather than continuing to move the stool 
antegrade. 


In addition to the smooth muscle cells, a cellular popu- 
lation known as the interstitial cells of Cajal (ICCs) help to 
control peristalsis and are thought to act as “intrinsic pace- 
makers” (Brookes et al., 2009). The ICCs are mesenchymal 
cells formed from the same common precursor stem cells 
as the smooth muscle cells. They contain c-kit, a tyrosine 
kinase that is activated by stem cell factor and that pref- 
erentially influences the ICCs over smooth muscle cells. 
The ICCs have unique properties that lead to rhythmic 
changes in their membrane potentials, which are rapidly 
and passively conducted along the network of ICCs and 
spread to neighboring smooth muscle cells. Some evidence 
suggests direct activation of the ICCs by sympathetic 
extrinsic nerves. ICC activation results in wave patterns 
that are characteristic with unique frequencies for differ- 
ent areas of the gastrointestinal tract. For example, the 
actions of the ICCs lead to the propagation of slow (Smith 
et al., 1987b) and faster waves that propagate toward the 
rectum (Smith et al., 1987a). The slow waves (oscillat- 
ing 3-6 times/min) were first observed to originate from 
ICCs near the submucosal border in the canine gut, and 
fast waves (15-20 waves/min) were observed to originate 
from ICCs near the myenteric border. Similar pacemaker 
cells have been observed in vitro in the human colon by 
Rae et al. (1998). 

Hormones, neurotransmitters, and other stimuli can 
alter the amplitude of the slow waves triggered by the ICCs. 
If the amplitude exceeds a predetermined threshold, then 
depolarization occurs and superimposed spikes of action 
potentials will be triggered. These action potentials are 
associated with calcium increases in the adjacent smooth 
muscle cells, leading to contractions. Current evidence sug- 
gests that the ICC network ensures the rapid spread of elec- 
trical signals; thus, it coordinates the effector cells (smooth 
muscle cells) within functional units of the gastrointestinal 
tract. In addition, this network translates neuronal signals; 
thus, it is an important intermediary. Clinically, preliminary 
studies suggest a role of the ICCs in colorectal disorders 
because chronic constipation has been associated with a 
decrease in ICCs. 

Colonic peristalsis has traditionally been measured using 
colonic manometry with sensors spaced every 10 cm along 
the length of the gastrointestinal tract to record pressure 
changes. Newer techniques include 24-h spatiotempo- 
ral manometric recording techniques that may allow for 
improved spatial resolution with closer sensors and the abil- 
ity to correlate pressure changes with specific events such as 
ingestion of food or defecation (Dinning et al., 2008). 

Gastrointestinal transit time affects stool volume and 
consistency (Palit et al., 2012). It has been shown that males 
have a shorter gastrointestinal transit time than females as 
measured by transit of radioisotopes as well as radio-opaque 
markers (Degen and Phillips, 1996). In terms of the bowel 
itself, various circulating hormones such as somatostatin; 
menstrual hormones; and humoral factors such as substance 
P VIP and cholecystokinin may affect gastrointestinal 
motility. They act on the intrinsic enteric nerve plexus to 
regulate contractility. 

As waste contents progress through the length of the 
intestinal tract, they typically become progressively more 
viscous as water is absorbed through the bowel wall. Fur- 
thermore, there is a complex interaction between the 


78 


PART 2 Basic Science 


composition of stool and the bowel itself. For example, 
stool with a high osmotic load, as is seen in patients with 
lactose intolerance, experiences more rapid colonic transit 
than other compositions of stool (Rao, 2004). 

Reflexes play a role in normal physiologic function. Def- 
ecation may be thought to be initiated by the gastrocolic 
reflex, in which stretching of the stomach leads to increased 
gastrointestinal peristalsis. Other important reflexes for def- 
ecation include the rectosphincteric inhibitory reflex or the 
rectoanal inhibitory reflex (RAIR). Here, distention of the 
rectum with solid stool or gas leads to relaxation of the IAS. In 
infants and “spinalized” individuals, this leads to evacuation. 
To counteract the RAIR, humans learn to voluntarily contract 
the EAS and to delay defecation. The RAIR is largely enteri- 
cally controlled, although there is also an element of para- 
sympathetic control contributing to relaxation of the IAS. A 
fall of at least 10% of the resting anal pressure (as measured 
by anorectal manometry) is considered normal relaxation 
(Dailianas et al., 2000). In Hirschsprung’s disease, because 
of a lack of enteric ganglia, patients do not exhibit the usual 
IAS relaxation. 

Voluntary control of defecation is instilled after toilet 
training and allows an adult to suppress defecation until a 
socially acceptable environment is established (i.e., at a toi- 
let). Voluntary relaxation of the pelvic floor muscles is then 
necessary to initiate defecation. Defecation can only occur 
when the puborectalis muscle and the EAS relax. In addi- 
tion, humans voluntarily increase intra-abdominal pressure 
to complete the defecatory process. This typically occurs by 
tensing the abdominal musculature. 

During the interval of voluntary suppression of defeca- 
tion, distention of the rectum occurs and is termed accom- 
modation. This is very important for the storage capacity 
of the rectum. In animal studies in guinea pigs and mice, 
a population of mechanosensitive afferent nerves that are 
activated by low levels of stretch has been identified in 
the rectum (Lynn et al., 2003). These afferent nerves are 
activated by small changes in the amount of distension of 
the rectum and by low levels of muscular contractions in 
that area. It may be that this particular nerve population is 
important for the accommodation ability of the rectum. It 
is also hypothesized that this population provides the major- 
ity of afferent synaptic input to the sacral parasympathetic 
nucleus (Yamanouchi et al., 2002). Overall, it has been 
shown that the rectum may accommodate stool volumes up 
to 400 mL (Irving and Catchpole, 1992). 

The next step in the regulation of defecation and the 
maintenance of continence is sampling, a term originated 
by Duthie and Bennett (1963). Sampling describes the 
relaxation of the cephalic portion of the anal sphincter 
after distension of the rectum, which allows the pressure 
between the rectum and the anal canal to equilibrate. As the 
pressures equalize, the contents of the rectum come into 
contact with the anal mucosa and the very sensitive ano- 
derm, ultimately allowing humans to determine whether 
gas, liquid, or solid contents are contained within the rec- 
tum and only allowing voluntary release of rectal contents 
when appropriate. Miller et al. (1988) further described a 
thermal temperature gradient that was observed to occur 
between the rectum and the upper, middle, and lower por- 
tions of the anal canal as measured via a transrectal thermal 
electrode. In addition, by measuring pressure within the 


rectum and at the midpoint of the anal canal, they deter- 
mined that the anal sphincter relaxed and allowed pres- 
sures to equalize in these two locations approximately seven 
times hourly. The relative importance of this sampling has 
been shown in patients with fecal incontinence who have 
decreased sensory discrimination capabilities in the anal 
canal and decreased capabilities to determine temperature 
differentials between the rectum and the anal canal (Miller 
et al., 1988). 

In summary, after a waste bolus moves into position 
in the rectum, the rectum distends, the IAS relaxes, the 
puborectalis muscles and EAS are voluntarily relaxed, and 
the abdominal musculature is recruited to further increase 
intra-abdominal pressure. After these actions, defecation 
occurs. 

Final reflexes include the closing reflex or the postdef- 
ecation reflex, which engages after the rectum is emptied 
and defecation is completed, when the pelvic floor muscles 
contract and are elevated to their baseline positions, restor- 
ing continence (Parks et al., 1966). 


Neurologic Abnormalities 


Neurologic abnormalities, which contribute to patho- 
logic disease states in humans, may occur in the central or 
peripheral nervous systems. Much research involving the 
central nervous system has investigated the effects of SCIs. 
Patients with SCIs frequently have abnormalities of bowel 
and bladder function. Indeed, population studies show that 
27% to 62% of SCI patients will have colorectal problems 
(Ebert, 2012). Other central neurologic disease processes 
that affect colorectal function include multiple sclerosis and 
Parkinson’s disease. 

For those with spinal cord lesions found at higher levels 
of the spine, deficits typically result in constipation because 
of slower colonic transit time in the sigmoid colon, allowing 
for extended absorption of water and more viscous stool 
content. These patients also have decreased rectal compli- 
ance; however, digital stimulation of the anorectum can 
trigger defecation because other colonic reflex arcs remain 
functional (Gutman and Ellerkmann, 2003). Patients with 
higher level lesions also have a risk of fecal incontinence 
because they cannot feel and voluntarily activate the EAS. 

Patients with SCIs above the level of S2 to S4 must 
develop alternative methods for increasing intra-abdominal 
pressure. Those with injuries above the level of T5 recruit 
contraction of the intercostal muscles and the diaphragm; 
patients with injuries at the level of the cervical spine exclu- 
sively contract the diaphragm (Ebert, 2012). However, this 
still requires stabilization of the abdominal wall (i-e., so that 
it will not balloon outward as pressure increases). This is the 
precise difficulty that affects many patients with SCIs. In 
this case, they then must rely only on colonic mechanisms 
for defecation. 

Lower spinal cord lesions, especially at the level of the 
sacral nerves (S2-S4), will affect parasympathetic control of 
the bowel. These patients also may have problems with con- 
stipation and incontinence. Constipation may arise because 
of decreased motility of the descending colon. Problems 
with defecation due to decreased rectal sensation, increased 
rectal distention, and decreased rectal tone may lead to 
fecal incontinence (Gutman and Ellerkmann, 2003). 


Assessment of Anal Incontinence 


Various modalities have been used to explore the mecha- 
nisms of anal function and continence (see also Chapters 
31 and 32). Visual inspection of the perineum will initially 
provide clues as to the function of the anal sphincter. Are 
scars present, indicating previous surgical intervention or 
healed obstetrical lacerations? Is dermatitis visualized, pos- 
sibly due to fecal incontinence? Is the anal canal closed? Are 
any fistulous tracts or fissures present? Visual examination 
can also help the clinician estimate the amount of baseline 
perineal descent. Abnormal perineal descent is noted if 
the perineum at the level of the anal verge is several cen- 
timeters below the pubococcygeal line in a sagittal section 
(Parks et al., 1966), either at baseline or with Valsalva. Sen- 
sation to light touch on the perineum should be assessed. 
The bulbocavernosus reflex, a polysynaptic sacral reflex, 
can be assessed by monitoring for anal sphincter contrac- 
tion in response to stimulation of the labia minora lateral 
to the clitoris; sphincter contraction indicates intact spinal 
reflexes with the afferent input being the clitoral branch of 
the pudendal nerve and the efferent input being the inferior 
hemorrhoidal branch of the pudendal nerve (Wester et al., 
2003). The patient should be asked to Valsalva or strain as 
if initiating defecation and to squeeze the EAS. The pelvic 
floor should be observed to incrementally move down with 
maneuvers for defecation, or up with squeeze of the EAS. 
Large movements may indicate neurologic impairment. 
Function can then be assessed via the digital rectal exam. 
This allows for further assessment of neurologic and muscu- 
lar control. Baseline sphincter tone should be present, and 
the patient should be able to further contract the EAS on 
command. Sphincter tone as assessed on digital exam can 
be described in terms of symmetry and whether tone is cir- 
cumferentially equal. Quantification of muscular strength 
can be estimated. Duration of voluntary contraction can be 
measured. The length of the anal canal can be estimated, 
and the length should be noted to increase during squeeze. 
Finally, tone should be maintained even if the clinician’s 
finger is moved in an anterior or posterior direction; if the 
muscle fatigues and the canal opens, then it may be a sign of 
severe neuromuscular impairment. 

Proctoscopy in the operating room allows for direct visu- 
alization of anatomy and may reveal pathology that could 
compromise anal sphincter function. However, it is diffi- 
cult to assess the functional status of the sphincter under 
anesthesia. 

Imaging studies to assess anorectal structure and func- 
tion include defecography, in which radio-opaque contrast 
dye such as barium is transanally instilled and radiographic 
images are obtained in real time as the subject voluntarily 
strains to empty their bowels. Defecography can also reveal 
anatomic abnormalities such as intussusception, rectal pro- 
lapse, or malignancy that may be causing problems with 
defecation. 

Other assessments include rectal manometry or electro- 
myography (EMG). In rectal manometry a fluid-filled bal- 
loon catheter is transrectally placed and connected to an 
external electrode or transducer to measure intrarectal pres- 
sures. EMG examines muscle function by placing needle 
electrodes into muscles to record the electrical potentials of 
individual muscle units within striated muscles of the EAS 
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or pelvic floor. The individual results are then extrapolated 
to describe the contraction or function of an entire muscle 
(Parks et al., 1962). EMG may also be performed via the 
use of external sensors rather than with needle insertion. 
The bulbocavernosus reflex may be more formally tested 
using concentric needle EMG testing (Vodusek, 2011). 
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Introduction 


Sexual health is an important component of a woman’s well- 
being. Evidence suggests that healthy sexual functioning is a 
fundamental component of a woman’s sense of self and qual- 
ity of life. Lesser sexual function is related to advancing age, 
menopause, and economic and health problems (Ornat et al., 
2013; Cabral et al., 2013). Sexual dysfunction has been shown 
to be associated with a statistically significant decrease in men- 
tal health, vitality, and social function and is associated with 
relationship problems and undiagnosed medical conditions 
(Biddle et al., 2009). Sexual problems are highly prevalent 
in women and in the United States: about 40% have sexual 
concerns and 12% report distress (Shifren et al., 2008). This 
sense of dysfunction takes different forms and treatment typi- 
cally is individualized and tailored to the diagnosis and to the 
underlying psychological, physical, and medical conditions. 
The World Health Organization has stipulated that the 
maintenance of sexual health is the physician’s responsibility 
(WHO, 2000). In 2001, the U.S. Surgeon General, in his 
Call to Action to promote sexual health as one of the goals of 
Healthy People 2010, described the role of health care pro- 
fessionals and the need for better education and preparation 
(Office of the Surgeon General, 2001). For these concerns 
to be addressed, health care professionals must understand 
what constitutes functional sexuality. Unfortunately, sexual 
medicine is not given a high priority in medical education, 
which leaves many providers uncomfortable; this discom- 
fort, ultimately, is an obstacle to competency. Additionally, 
many patients are hesitant to discuss these problems with 
their providers, and this also contributes to the underdiag- 
nosis and undertreatment of female sexual dysfunction. 
The Diagnostic and Statistical Manual of Mental Disor- 
ders, Fourth Edition, Revised (DSMR-IV) lists six primary 
female sexual disorders: hypoactive sexual desire disorder, 
sexual aversion disorder, female sexual arousal disorder 
(FSAD), female orgasmic disorder, dyspareunia, and vagi- 
nismus. This chapter will offer the provider an opportunity 
to have a working knowledge of the evolving theoretical 
models to describe the healthy sexual response as well as 
an understanding of the neurobiology of sexual function. 
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Additionally, a framework for assessment, diagnosis, and 
management of sexual dysfunction in women will be out- 
lined and will include surgical and medical conditions that 
can contribute to the development of sexual dysfunction. 


Models of Female Sexual Response 


The female sexual response is complex in nature. It was 
first described by Masters and Johnson (1966) as a linear 
model of discrete events in which excitement always pre- 
cedes arousal and then is followed by orgasm and resolution 
(Fig. 6.1). It then was modified by Kaplan (1979) and Leif 
(1977) independently to a triphasic model that emphasized 
desire as the first stage of the sexual response in contrast to 
physiologic genital arousal leading to response. 

In the late 1990s, Basson first published her intimacy- 
based, circular model to help explain the multifactorial char- 
acter of the female sexual response. This model includes the 
interplay of emotional intimacy, sexual stimuli, psychological 
factors and relationship satisfaction. This model also intro- 
duces the concept of receptive desire, the idea that arousal 
often precedes desire and that women often begin a sexual 
encounter from a position of sexual neutrality (Basson 2001). 
It encompasses the impact of biologic and nonbiologic fac- 
tors on a woman’s sexual response like motivation, interper- 
sonal issues, cultural and religious beliefs, partner health, 
relationship quality, past sexual abuse, and distractions. 

Desire is a deceptively complex concept that is best under- 
stood by differentiating sexual drive and sexual motivation. 
A biopsychosocial model (see Fig. 6.2) of desire outlined by 
Levine (2004) suggests that desire is comprised of three indi- 
vidual but interrelated components. Drive is the biological 
component that is a spontaneous and variable sexual interest 
made up of cravings for sexual activity, dreams, unprompted 
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FIGURE 6.1 Human sexual response: classic models. (From: Masters 
and Johnson, 1966; Kaplan, 1979; Leif, 1977.) 
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sexual thoughts, and genital sensations. It is influenced by neu- 
roendocrine mechanisms. The second component is a sociocul- 
tural or expectation component that reflects a woman’s beliefs 
and values about sex. The third component is the motivation 
component and is the emotional or interpersonal aspect of 
desire that is characterized by a women’s willingness to engage 
in sexual activity. Motivation is often the most important factor 
and is affected by psychological function, relationship quality, 
and concerns about health, occupation, or family. The interplay 
and input of all of these realms yields one’s sexual response and 
therefore the clinician’s differential diagnosis must be broad. 

One additional theory of sexual response to consider 
that also keeps to a biopsychosocial perspective is Bancroft’s 
Dual Control Model. This model proposes that sexual 
response occurs as an interaction between sexual excitatory 
and sexual inhibitory processes. The model further suggests 
that individuals vary in their propensity for both sexual exci- 
tation and sexual inhibition (Bancroft et al., 2009). 

These theoretical models of sexual response may reflect 
the variation that women experience in sexuality. This was 
demonstrated by The Nurses’ Sexuality Study in which 
a sample of nurses was asked to endorse the model that 
best fit their response (Sands and Fisher, 2007). Approxi- 
mately 33% endorsed the Masters and Johnson model, 33% 
endorsed Kaplan’s models, and 33% endorsed Basson’s 
model. Of note, the women who had sexual concerns were 
more likely to endorse Basson’s model of sexual response. 


Physiology 


The physiologic pathway of arousal in women is an intri- 
cate neurobiologic process that is not fully understood. The 
female sexual anatomy includes the mons pubis; the vulva, 
including the labia majora, labia minora, interlabial space, 
and the clitoris; and the inner genitalia, including the vesti- 
bule, periurethral glans and vagina, uterus, fallopian tubes, 
and ovaries (Salonia et al., 2010). The cycle of arousal is 
initiated by genital vasocongestion. The vulva swells expos- 
ing the introitus; the vagina lengthens and dilates; the outer 
third of the vagina tightens; the clitoris increases in length 
and diameter; and the uterus rises above the levator plate. 
Stimulation of the pelvic nerves induces smooth muscle 
relaxation and decreases the resistance within the arteries, 
leading to increased blood flow to the clitoris. This blood 
flow results from active neurogenic dilation of the sinusoi- 
dal blood spaces, which causes the corpora cavernosa of 
the clitoris to become engorged, and the clitoris becomes 
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FIGURE 6.2 Biopsychosocial model of female sexual response. (Modified from Kingsberg SA, Rezaee RL. Hypoactive sexual desire in women. 


Menopause. 2013; 20:1284.) 
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progressively more prominent. It has been noted that the 
vulvar structures become engorged, but they do not become 
erect because the thinner tunica in women does not trap 
venous blood, and therefore it pools with persistent inflow 
and outflow (Basson, 2003). In addition, vaginal lubrication 
occurs as a result of increased pressure in the capillaries of 
the genital vasculature and transudation of fluid through the 
subepithelium of the vaginal walls. 

Although the exact central neuroendocrine mechanisms 
remain undiscovered, several areas of the brain appear to be 
involved, including the brain stem, hypothalamus, and fore- 
brain including the amygdala (Clayton, 2004). It is an active 
process that balances both excitatory and inhibitory factors. 
Excitatory factors include estrogen, testosterone, melano- 
cortin, and oxytocin and the neurotransmitters dopamine 
and norepinephrine. Inhibitory factors include serotonin, 
prolactin, and endogenous opioids; this has been referenced 
as the “sexual tipping point” (Perleman, 2009). 

It is likely that nitric oxide (NO), vasoactive peptide (VIP), 
and acetylcholine (ACh) play significant roles in sexual arousal 
(Meston and Frolich, 2000). Most of what we understand 
about their roles in female sexual excitement and response 
is a result of the study of penile erection and sexual biology 
in animal models. Sexual stimulation releases NO from the 
vascular endothelium, which stimulates the release of guanyl- 
ate cyclase, which in turn converts guanosine triphosphate 
into cyclic guanosine monophosphate (cGMP) (Salonia et al., 
2010). This stimulates smooth muscle relaxation in the penile 
arteries and corpora cavernosum, causing blood flow to the 
penis. VIP and ACh also have been shown to relax smooth 
muscle and increase blood flow in the penis in animal models. 

It is hypothesized that desire (drive) is triggered in areas 
of the hypothalamus and with the activation of the dopa- 
mine system. This system is activated early and, along with 
norepinephrine, increases sexual excitation and the desire to 
continue sexual activity. The increasing state of excitement as 
evidenced by increasing heart rate and blood pressure suggests 
that the noradrenergic system also is involved in the sexual 
response. The actual neurobiology of the orgasm is unknown, 
although it appears to include the mesolimbic dopamine path- 
way as well as the pudendal, pelvic, and hypogastric nerves. 
Orgasm occurs with the release of contraction-producing 
agents, such as serotonin and oxytocin, which leads to rhyth- 
mic contractions of the levator plate, uterus, and vagina and 
multiple orgasms may occur if stimulation continues. The 
time for resolution to take place varies among women. 


Female Sexual Disorders 
Sexual Desire Disorders 


Female sexual dysfunction disorders most commonly are 
classified by the DSM-IV-TR (2000). There are six disorders 
of female sexual function: Sexual desire disorder (hypoac- 
tive sexual desire disorder (HSDD) and sexual aversion 
disorder), sexual arousal disorder, orgasmic disorder, and 
sexual pain disorders (dyspareunia and vaginismus) (see 
Table 6.1A). To make a diagnosis of a sexual disorder, the 
symptoms must cause personal or interpersonal distress or 
difficulty and must not be better accounted for by another 
category of psychiatric disorder or due exclusively to the 
direct physiological effects of a substance or gynecologic or 


Table 6.1A DSM-IV-TR Definitions of Female 


Sexual Dysfunctions 


Disorder Definition 


Sexual Desire Disorders 


Hypoactive sexual desire Deficiency or absence of sexual 
disorder fantasies or desire for sexual 
activity 
Sexual aversion disorder Aversion to and active avoidance of 
genital sexual contact 


Sexual Arousal Disorders 


Female sexual arousal Inability to attain or maintain 
disorder adequate lubrication-swelling 
response or sexual excitement 
Orgasmic Disorders 


Female orgasmic disorder Delay in or absence of orgasm after 
normal sexual excitement phase 


Pain Disorders 


Dyspareunia Genital pain associated with sexual 
penetration activity 
Vaginismus Recurrent or persistent involun- 


tary contraction of the perineal 
muscles preventing vaginal 
penetration 


Adapted from American Psychiatric Association. Diagnostic and Statistical 


Manual of Mental Disorders. 4th ed. Text Revision, Washington, DC: 
American Psychiatric Association; 2000. 


Table 6.1B DSM-5 Classifications of Female 


Sexual Disorders 


Female Orgasmic Disorder 302.73 (F52.31) 


Presence of either of the following on all or almost all (75—100%) 
occasions of sexual activity: 

1. Marked delay in, marked infrequency of, or absence of orgasm 

2. Markedly reduced intensity of orgasmic sensations 


Female Sexual Interest/Arousal Disorder 302.72 (F52.22) 


Lack of, or significantly reduced, sexual interest/arousal as mani- 
fested by three of the following: 

1. Absent/Reduced interest in sexual activity 

2. Absent/Reduced sexual/erotic thoughts or fantasies 

3. No/Reduced initiation of sexual activity and unreceptive to 
partner’s attempts to initiate 

4. Absent/Reduced sexual excitement/pleasure during sexual 
activity in almost all or all (75—100%) sexual encounters 

5. Absent/Reduced sexual interest/arousal in response to any 
internal or external sexual/erotic cues (written, verbal, visual) 

6. Absent/Reduced genital or nongenital sensations during 
sexual activity in almost all or all (75-100%) sexual encounters 


Genito-pelvic Pain/Penetration Disorder 302.76 (F52.6) 


Persistent or recurrent difficulties with 1 or more of the following: 

1. Vaginal penetration during intercourse 

2. Marked vulvovaginal or pelvic pain during intercourse or 
penetration attempts 

3. Marked fear or anxiety about vulvovaginal or pelvic pain in 
anticipation of, during, or as a result of vaginal penetration 

4. Marked tensing or tightening of the pelvic floor muscles dur- 
ing attempted vaginal penetration 


Symptoms persisted a minimum of 6 months and not better explained 
by a nonsexual mental disorder or consequence of severe relationship 
distress or other significant stressors and not due to effects of 
substance/medication or other medical conditions. 

From American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 5th ed. DSM-5. Washington, DC: American Psychiatric 
Publishing; 2013. 
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Table 6.2 Example of Psychiatric and General 


Health Problems That May Affect Sexual Function 


Table 6.3 Medications Associated with Sexual 
Dysfunction 


General Health Examples 
Urogynecologic Urinary tract infections, pelvic organ 
problems prolapse, urinary and fecal inconti- 
nence 
Gynecologic Pelvic pain, fibroids, unpredictable 
problems bleeding, oral contraceptive pills, 
vulvovaginal atrophy, postpartum 
period, breastfeeding, sexually 
transmitted infections 
Endocrine Diabetes mellitus, thyroid disorders, 


hyperprolactinemia 

Back pain, cancer, psoriasis, rheuma- 
toid arthritis, degenerative arthritis, 
hypertension, coronary artery 
disease, neurologic conditions 


Chronic illness 


Psychiatric 
Mood disorders 
Anxiety disorders 
Psychotic illness 


Major depression, bipolar depression 


general medical condition (see Table 6.2). Each disorder is 
then further subtyped into lifelong versus acquired and gen- 
eralized versus situational. Sexual problems tend to overlap 
with one another and so the best approach for clinical prac- 
tice is to identify the most problematic or primary issue and 
focus initial treatment there. 


Hypoactive Sexual Desire Disorder 


This disorder is defined as a persistent or recurring defi- 
ciency or absence of sexual thoughts, fantasies, or desire for 
sexual activity. It causes marked personal distress or personal 
difficulties and can not be better accounted for by another 
primary disorder, drug or medication, or general medical 
condition. The judgment of deficiency by the clinician is 
subjective and must take into account the normal fluctua- 
tion seen with relationships over time, age, personal health, 
and life circumstances. Decreased sexual desire is associated 
with negative effects, such as poor self-image, mood instabil- 
ity, depression, and strained relationships with partners. 

The prevalence of HSDD is difficult to determine as it 
varies depending on the population surveyed. Segraves and 
Woodard (2006) suggested that if the population studied were 
restricted to those reporting frequent problems with desire, 
then the prevalence of HSDD would be between 5.4% and 
13.6%. The Prevalence of Female Sexual Problems Associated 
with Distress and Determinants of Treatment Seeking (PRE- 
SIDE) survey included a validated measure to evaluate more 
than 31,000 women over the age of 18 (Shifren et al., 2008). 
In this study, 8.9% of women 18 to 44 years of age, 12.3% of 
women 45 to 64 years of age, and 7.4% of women 265 years 
of age had low desire and distress. The Women’s International 
Study of Health and Sexuality (WISHeS) included women 
20 to 70 years of age from the United States and Europe. It 
indicated that the prevalence of HSDD in the United States 
was 14% for premenopausal women, 9% in naturally meno- 
pausal women, 26% in surgically menopausal women 20 to 
49 years of age, and 14% in surgically menopausal women 50 
to 70 years of age (Leiblum et al., 2006). 

As already mentioned, desire is such a complex concept 
that identifying the etiology of the problem and developing 


Psychoactive medications SSRIs, SNRIs, antipsychotics, 
barbiturates, benzodiazepines, 
tricyclic antidepressants, 


lithium, MAOIs, antiepileptics 


Antithypertensive Lipid-lowering agents, digoxin, 
and cardiovascular beta blockers, alpha blockers, 
medications diuretics 

Hormones Antiandrogens, progestins, oral 


contraceptives, GnRH agonists, 
estrogens 
Antihistamines and H2 
receptor blockers 
Narcotics 
Amphetamines, weight loss 
agents 
Steroids 
Chemotherapeutic agents 
Immunosuppressants 


SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin- 
norepinephrine reuptake inhibitors; MAOIs, monoamine oxidase 
inhibitors. 

Adapted from Kingsberg S, Althof SE. Evaluation and treatment of female 
sexual disorders. Int Urogynecol J. 2009;20(Suppl 1):533. 


a treatment plan can be often-times confusing for both the 
patient and the clinician. Desire is a compilation of drive, 
expectations, beliefs, and motivation and is affected by the 
interactions of sex steroids and neurotransmitters. Declining 
levels of androgens parallel increasing age and contribute to 
the decline in sexual desire, arousal, and orgasm. Menopause 
has long been assumed to result in a decreased libido because 
of the decline in ovarian testosterone production. This is par- 
ticularly true for women who experience a sudden loss of 
testosterone accompanying a surgical or chemical menopause. 
Recent longitudinal studies, however, suggest that relationship 
factors and other nonbiological changes have a stronger impact 
on overall sexual desire than menopause alone (Hayes and 
Dennerstein, 2005). Many medications can cause sexual side 
effects (see Table 6.3). It is essential to distinguish between 
the various components of desire because treatments can vary 
based on which components have been impaired. 

Although testosterone plays a role in drive, motivation, 
and sexual sensation, it is important to understand that 
there is little correlation between HSDD and serum andro- 
gen levels, and so they should not be used as a diagnostic 
measure of sexual dysfunction (Davis et al., 2005). If hor- 
mone assays are utilized, then it is important of include the 
measurement of sex hormone-binding globulin (SHBG) 
and to calculate the free androgen index (total testoster- 
one/SHBG), which is a more accurate reflection of the 
hormonal milieu than the total testosterone or bioavailable— 
free testosterone alone. SHBG is synthesized in the liver 
and serves as the carrier protein for estrogen and testos- 
terone. It regulates the amount of free hormone circulating 
in the blood. Estrogen stimulates SHBG production while 
increased levels of testosterone decrease SHBG synthesis. 
SHBG can be affected by the use of medications through 
the hepatic first-pass metabolism. 


Sexual Aversion Disorder 


The DSM-IV-TR defines this disorder as the persistent 
or recurrent extreme aversion to, and avoidance of, all or 
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almost all genital sexual contact with a partner. The distur- 
bance must cause marked personal difficulty and distress. 
This disorder contains elements of revulsion and disgust 
that can not be explained by a simple phobia. It is a lifelong 
or acquired conditioned response that affects more women 
than men and often is associated with a history of sexual 
trauma, abuse, or pain. It typically encompasses physiologic 
responses (e.g., nausea, shortness of breath, panic) and can 
be situational or global. The prevalence of this disorder is 
not well established because many women avoid sexual 
contact and do not report this problem until a relationship 
becomes dysfunctional (Kingsberg and Janata, 2007). 

A careful sexual history emphasizing the distinction 
between potential initiating events and current behavior 
that may reinforce the continued aversion response must be 
included in the assessment of this condition. The problem 
must be identified so that proper referral for care by a sex 
therapist can be made and the patient reassured that this 
can be treated. Behavioral treatment is essential. Avoidance 
of sexual behavior reinforces aversion. Therefore, a gradu- 
ated paradigm of exposure is central to the treatment plan. 
The modality pairs relaxation exercises with graded and 
patient-controlled reintroduction of sexual behavior. Often 
time, substantial anxiety accompanies this disorder and the 
use of psychotropic medications such as selective serotonin 
reuptake inhibitors (SSRI) may be indicated. 


Female Sexual Arousal Disorder 


The DSM-IV-TR defines FSAD as a persistent or recurrent 
impairment or absence of physiologic responsiveness (i.e., 
genital lubrication and swelling) to sexual stimulation. The 
inability to attain or maintain this sexual responsiveness and 
the resulting marked personal or interpersonal distress is 
central to the diagnosis. The disorder frequently is associated 
with pain and avoidance of sexual contact. The prevalence of 
lack of vaginal lubrication has been found to be anywhere 
from 5% to 20% in the United States (Shifren et al., 2008; 
Laumann et al., 1999). 

The American Foundation for Urologic Disease (AFUD) 
consensus panel suggests that FSAD may be better under- 
stood if further subdivided into the following subtypes: 
subjective arousal disorder, genital arousal disorder, or gen- 
eralized (combined subjective and genital) arousal disorder 
(Basson et al., 2000; Basson et al., 2003). Subjective arousal 
disorder subtype is the absence of or significantly dimin- 
ished feelings of sexual pleasure and excitement despite 
the presence of stimulation and vaginal lubrication. Genital 
arousal disorder subtype is absent or impaired vulvar swell- 
ing or lubrication or reduced sexual sensations from any 
form of sexual stimulation despite subjective arousal being 
present. Excitement still occurs from nongenital stimuli so 
these women may report subjective arousal, but they have 
a loss of intensity of any genital response including orgasm. 
This might be found in women who have estrogen deficiency 
or nerve damage and who do not exhibit vasocongestion or 
engorgement of the genitals. The combined generalized 
subtype is the most common presentation in which these 
women feel no excitement and no engorgement. A Missed 
Arousal Disorder subtype also has been identified that 
occurs when engorgement is present, but not attended to or 
there is no awareness. 


The typical comorbid medical conditions associated with 
FSAD are menopause, vascular disease associate with coro- 
nary artery disease and diabetes, smoking, and side effects 
of medications. 


Female Orgasmic Disorder 


This disorder as defined by the DSM-IV-TR is the persis- 
tent or recurrent delay in or the absence of orgasm following 
normal sexual excitement. Orgasm is best understood as a 
transient peak sensation of intense pleasure following suf- 
ficient sexual stimulation and arousal. It is accompanied by 
rhythmic contractions of the perineal, bulbocavernosus, and 
pubococcygeus muscles. 

The cause of orgasmic dysfunction is likely multifacto- 
rial, making the prevalence difficult to evaluate, but it has 
been reported as 3.4% to 5.8% (Shifren et al., 2008). It may 
be more accurate to view the ability to orgasm as situational, 
in that many women can attain orgasm with a specific form 
of sexual stimulation (manual or oral) or with a specific 
partner. Intercourse is not a reliable way for many women 
to achieve orgasm. Primary orgasmic disorder is defined as 
never having experienced an orgasm. These women may 
even have normal levels of desire, but they are unable to 
attain climax. There are likely multifactorial causes, includ- 
ing physiologic, performance anxiety, psychosocial factors 
(cultural messages, history of trauma), or just unfamiliar- 
ity with one’s body and physiology (Meston et al., 2004). 
Acquired orgasmic disorder is the inability to experience 
orgasm that develops after one has had reliable orgasmic 
attainment. It is often linked to HSDD (either the result of 
or leading to HSDD), but it can be associated with pelvic 
surgery and medications, such as antidepressants. 


Sexual Pain Disorders 


The reported incidence of dyspareunia ranges between 8% 
and 22% (Latthe et al., 2006). Dyspareunia is defined in the 
DSM-IV-TR as persistent or recurrent urogenital pain occur- 
ring before, during, or after sexual intercourse that is not 
caused exclusively by the lack of lubrication or by vaginismus. 
It is further delineated into superficial and deep dyspareunia. 
Current theory has called this definition into question, and 
instead, characterizes dyspareunia as a pain disorder that 
interferes with sexuality as opposed to a sexual disorder 
characterized by pain (Binik et al., 2002). This makes sense 
because urogenital pain occurs in other nonsexual situations. 
Dyspareunia, then, is considered a chronic pain disorder 
that has multiple etiologies with interdependent psychologi- 
cal and biological contributors. Even when an anatomic or 
organic cause is found, there is typically considerable stress 
and anxiety that maintain the pain and promote a continued 
avoidance of intercourse and negative sexual expectations. 
This cycle of pain results in a loss of desire and arousal, which 
only perpetuate the problem. Dyspareunia is considered to 
be a common problem over the life span of women largely 
due to the multiple potential causes (see Table 6.4). 

A third type of sexual pain disorder is Noncoital Sexual 
Pain Disorder, which is recurrent or persistent genital pain 
induced by noncoital sexual stimulation (Basson et al., 2000). 

The DSM-IV-TR defines vaginismus as involuntary, 
recurrent, or persistent spasm of muscles surrounding the 


Condition 


Superficial 
Anatomic variations 


Vulvovaginal atrophy 
Injury or trauma 


Inflammation or infection 


Generalized vulvodynia 

Vestibulodynia/Vulvar 
vestibulitis syndrome 

Vulvar dystrophies 


Inadequate lubrication/dryness 


Deep 


Endometriosis 
Myofascial pelvic pain 


Interstitial cystitis 
Infection 


Uterine fibroids 
Adhesions 
Prolapse disorders 


Uterine position variations 
Adnexal pathology 


Intestinal and/or rectal 
pathology 


Table 6.4 Causes of Dyspareunia 


Examples 


Congenital anomalies, labial 
hypertrophy, urethral 
diverticulum 

Estrogen deficiency, radiation 

Childbirth-related, surgery, 
female circumcision 

Vulvar, vaginal, cervical, 
lower urinary tract 


Lichen sclerosis, lichen planus 


Hypertonus of levator 
muscles 


Cervical, uterine, lower urinary 
tract 


Prior surgery, prior infection 

Uterine, vaginal cuff, vaginal 
wall/bladder/rectum 

Retroflexed, retroverted 

Ovarian/tubal cyst or 
neoplasm 

Irritable bowel, inflammatory 
bowel, dermatitis, fissure, 


prolapse 
Other 


Psychological problems Depression, anxiety, 


body-image issues, stress 
History of sexual abuse 
or negative experiences 


outer third of the vagina that interferes with vaginal pen- 
etration (American Psychiatric Association, 2000). A preva- 
lence rate of 1% to 6% has been reported (Basson, 2001). 
This definition has been challenged because women may not 
feel pain despite the presence of vaginismus. Whether or 
not muscle spasm occurs also has been called into question. 
The 2nd Consultation on Erectile and Sexual Dysfunction 
developed the following alternative definition: “the persis- 
tent or recurrent difficulties of the woman to allow vaginal 
entry of a penis, finger, and/or any object despite the wom- 
an’s expressed wish to do so” (Lue et al., 2004). Although 
penetration is difficult or impossible, many women can 
enjoy other sexual activity and can achieve orgasm. Vaginis- 
mus occurs as a result of the anticipation of the pain with 
penetration, muscle tension, and avoidance behavior. 

At the time of submission of this chapter the DSM-5 
(American Psychiatric Association. Diagnostic and Statistical 
Manual of Mental Disorders, 5th ed., DSM-5, 2013) was 
published. As of May 2013, the DSM-5 classification sys- 
tem essentially has combined the six categories of the 
DSM-IV-TR into three categories and virtually omitted the 
diagnosis of aversion disorder. This change has resulted in 
considerable debate and its clinical utility and acceptance is 
in its infancy (See Table 6.1B). 


Variables That Can Affect Sexual 
Function 


Pregnancy and the Postpartum 


Pregnancy and childbirth are central periods in a woman’s 
life. Although sexuality during pregnancy and the post- 
partum period has been insufficiently researched using 
validated sexual function questionnaires, data show that 
sexual function is altered and many factors may contribute 
to this. At 12 weeks postpartum some of the most com- 
mon issues include marital dissatisfaction, dyspareunia, 
fatigue, depression, and breastfeeding (De Judicibus and 
McCabe, 2002). Just as during other periods in a woman’s 
life, during the time of pregnancy and the postpartum, 
women who were more satisfied with their relationships 
reported higher sexual function and satisfaction and greater 
frequency of activity than women who were less satisfied 
(Wittig et al., 2008). 

Low desire during pregnancy and the postpartum period 
is not unusual and it is well-known that it fluctuates dur- 
ing pregnancy typically decreasing in the third trimester. 
Women report worsened sexual function, including dimin- 
ished sexual satisfaction, during pregnancy which often 
persists for 6 to 12 months postpartum. Furthermore, 
although 80% to 93% of women have resumed intercourse 
at 12 weeks postpartum, more than 80% of them report 
sexual problems during that time (Glazener, 1997). At 
6 months, 18% to 30% of these women still may be expe- 
riencing sexual problems, including dyspareunia (Rogers 
et al., 2009). Fatigue commonly is reported to cause loss 
of desire, infrequent activity and lack of enjoyment, and 
the fatigue and its impact continues well past 6 months. 
Even breastfeeding negatively affects sexual function due 
to associated vaginal dryness. 

Obstetrical events such as massive hemorrhage, pre- 
eclampsia, sepsis, and uterine rupture lead to significant 
changes in sexual health and well-being in the women who 
experience this morbidity. For some it is the physical com- 
plications of such events, whereas for others, it is a loss of 
interest and a fear of conceiving (Watersone et al., 2003). 
The role of body image cannot be overlooked and seems to 
have a variable impact. At times it has been correlated posi- 
tively with the highest sexual function prepregnancy, but it 
also has been shown to decline between the first and third 
trimesters and is the lowest postpartum and remains low 
until 6 months postpartum (Pauls et al., 2008). 

Childbirth negatively affects a woman’s sexual function 
through physical trauma, such as perineal laceration and 
pudendal neuropathy. These effects can be temporary or 
enduring. There is an obvious connection perineal trauma 
and pain leading to problems with intercourse. Women who 
have an episiotomy complain of increased pain and delayed 
sexual relations compared with women who delivery over an 
intact perineum. Overall, dyspareunia is reported in about 
41% to 67% of women 2 to 3 months after birth (Handa, 
2006). Persistent dyspareunia is associated strongly with 
operative vaginal delivery and severity of the perineal trauma 
and, additionally, women who experience high-order peri- 
neal lacerations demonstrate less desire to engage in sexual 
activities, such as touching and stroking. Women who have 
fourth-degree tears into the anal sphincter are much more 
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likely to report pain with intercourse than women who did 
not experience lacerations at birth (Signorello et al., 2001). 

The impact of the route of delivery and the resulting 
effects on long-term pelvic floor health continues to be 
investigated. In addition to the potential of causing perineal 
lacerations, the process of vaginal birth has been implicated 
in the damage of the innervation to the pelvic floor. Com- 
pression or stretch injury that occurs during delivery leads to 
neuropathy of the pudendal nerve, which can lead to urinary 
and anorectal incontinence and pelvic organ prolapse. Birth 
may cause or worsen previously existing hypertonicity of the 
pelvic floor or trigger points. Spasm induced by contraction 
of the muscles can cause referred pain or irritative symptoms 
throughout the path of the pudendal nerve and adjacent 
structures. Because the pudendal nerve mediates some of 
the reflex pathways of the inherent female sexual response, 
the damage can result in physiologic causes of female sexual 
dysfunction. 

This neuropathic injury may be less likely to occur when 
cesarean section is performed before the onset of labor by 
avoiding direct perineal trauma and pudendal neuropathy. 
The supposed possible protective benefits of scheduled 
cesarean section, however, remain inconsistent. The National 
Institutes of Health (NIH) State-of-the Science Conference 
on Cesarean Delivery on Maternal Request indicated that by 
6 months postpartum, there is no difference in overall sexual 
function based on route of delivery alone, although they rec- 
ognize that anal sphincter tears may be a risk factor for fecal 
incontinence, and vaginal delivery is a risk factor for severe 
perineal lacerations (NIH Consensus SC Statement, 2006). 
Data using validated sexual health questionnaires suggest 
that women who undergo cesarean delivery have an elevated 
risk of sexual dysfunction that is nondyspareunia related in 
origin. Any protective effect of caesarean delivery on sexual 
function appears to be limited to the early postnatal period 
and is related to the absence of perineal injury. 

There is evidence that breastfeeding reduces a woman’s 
sexual desire and frequency of intercourse. This happens as 
a result of decreased vaginal lubrication from high levels of 
prolactin; nipple sensitivity and discomfort with the poten- 
tial erotic feelings from breastfeeding as a result of oxytocin 
production leading to a sense of sexual arousal and orgasm; 
and sleep disturbances that contribute to fatigue, exhaus- 
tion, and partner isolation. Finally, postnatal depression 
and emotional lability are related inversely to sexual enjoy- 
ment, interest, and activity. The use of SSRI medication can 
compound this problem because they are agents commonly 
associated with female sexual dysfunction. 


Pelvic Floor Disorders 


Myofascial Pelvic Pain 


Various terminologies have been used to describe hyper- 
tonus disorders of the pelvic floor, including pelvic floor 
dysfunction, levator ani syndrome, pelvic floor tension 
myalgia, pelvic floor myofascial pain, pelvic floor spasm, and 
shortened pelvic floor (Fitzgerald and Kotarinos, 2003a). 
Although the mechanism of pelvic floor dysfunction is 
incompletely understood, myofascial pain or pelvic floor 
hypertonicity has been described as a disorder in which 
pain is attributed to short, tight, tender pelvic floor muscles 
in which trigger points are present. The pain or irritative 


symptoms typically are localized and may occur in the pel- 
vis, vulva, bladder, and rectum. As the trigger points persist, 
the muscles weaken and over time, the surrounding muscles 
groups become affected and more distant areas, such as the 
buttocks, thighs, and abdomen, become involved (Fitzgerald 
and Kotarinos 2003b). Pelvic floor muscle hypertonus has 
been associated with interstitial cystitis, provoked vestibu- 
lodynia, and generalized vulvodynia and dyspareunia. 

The hypertonus can be a result of pain or injury but also 
can be the origin of pain. Childbirth, surgery, chronic low 
back or hip pain, pelvic pain, recurrent vaginitis, bladder 
infections, dysmenorrhea, constipation or irritable bowel, 
neuromuscular and inflammatory disorders, chronic pain 
syndromes, and anxiety can all be underlying etiologies. 
Many women without obvious organic disease such as posi- 
tive urine cultures, vaginitis, or adnexal pathology may find 
that their clinicians are unable to find the cause of their 
symptoms. This may be due to a lack of recognition or 
training of this diagnosis as a cause of sexual pain or sexual 
dysfunction. A thorough history and directed physical exam 
will uncover myofascial pelvic pain as a possible cause of 
dyspareunia. Treatment involves validating the presence of 
pain even in the absence of clear pathology and including a 
multidisciplinary approach to resolve the identified aspects 
of the sexual dysfunction. Pelvic floor physical therapy 
involving pelvic floor surface electromyography (sEMG) 
biofeedback is utilized to treat hypertonus of the pelvic floor 
that is related to vulvar pain syndromes and can be effec- 
tive when accompanied by a home exercise plan. A variety 
of manual therapy techniques such as myofascial release, 
myofascial trigger point release, visceral manipulation, and 
neural mobilizations, as well as therapeutic exercises such 
as pelvic floor retraining with dilators, core stabilization, 
and behavioral therapies are utilized to benefit women with 
sexual pain problems. The use of botulinum toxin injected 
into the levator muscles is demonstrating an additive effect 
to pain treatment. 


Overactive Bladder 


Overactive bladder (OAB) is characterized by urinary urgency, 
with or without urinary incontinence, urinary frequency, and 
nocturia. It often is associated with detrusor overactivity. 
These symptoms can be quite bothersome and have a nega- 
tive effect on the overall quality of life and daily functioning. 
The fear of leakage during sexual stimulation and intercourse 
as well as the urgency and frequency felt afterward interfere 
with a woman’s enjoyment of sexual relations (Coyne et al., 
2007). There is evidence that treatment with antimuscarinic 
drugs and neuromodulation significantly improves sexual 
frequency, desire, lubrication, orgasm, satisfaction, pain, and 
total Female Sexual Function Index 6-item (FSFI) scoring 
when study populations were compared at baseline and then 
3 to 12 months post-treatment (Pauls et al., 2007; Rogers 
et al., 2008). 


Incontinence and Prolapse 


Stress urinary incontinence (SUI), anal incontinence (AJ), 
and pelvic organ prolapse (POP) have been shown to have 
deleterious effects on the overall health of women because 
they affect the social, occupational, physiologic, physical, 
domestic, and sexual well-being of women. Studying the 
effects of pelvic floor disorders on sexual function has been 
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challenging because of the inherent differences between the 
populations studied, the characterization of sexual dysfunc- 
tion, and the use of condition nonspecific questionnaires or 
unvalidated measures. These issues likely do not allow for 
the full capture of the effects of these disorders on sexual 
satisfaction and function and so have resulted in conflicting 
data when evaluating women with pelvic floor disorders. Add 
to this uncertainty the fact that sexual function is multidi- 
mensional, and it is not hard to understand why there is con- 
fusion. Overall, however, the effects of urinary incontinence 
and POP do appear to adversely affect sexual relationships 
and seem to depend on the severity of the symptoms since 
the more significant the disorder, the greater the decrease in 
sexual activity and satisfaction (Tannenbaum et al., 2006). 
Pelvic floor symptoms are associated with poorer genital 
body image and reduced arousal, infrequent orgasm, and 
dyspareunia (Handa et al., 2008; Zielinski et al., 2012). 
Urinary incontinence has been associated with low libido, 
vaginal dryness, and dyspareunia, while low stage or asymp- 
tomatic POP has not been associated with sexual complaints 
(Handa et al., 2004). Coital incontinence can occur with 
vaginal penetration in women with stress incontinence and 
with orgasm in women with overactive bladder and can be 
problematic for some women. 

Anal incontinence commonly occurs in combination with 
POP and SUI and as a result of high-order perineal lacera- 
tions, median episiotomy, and instrumentation. Anal sphinc- 
ter laceration is found to be associated with a delay in the 
return to sexual activity at 6 months postpartum (Brubaker 
et al., 2008). Posterior compartment POP can lead to def- 
ecatory dysfunction and sexual dysfunction. Detachments 
of the rectovaginal fascia from the perineal body can result 
in perineal descent, which has been associated with a vari- 
ety of defecatory disorders, including constipation, rectal 
pain, and fecal incontinence (Bartolo et al., 1983). Pudendal 
neuropathy also can be a result of perineal descent separate 
from rectocele or laceration findings and has been identified 
as a mechanism for fecal incontinence. One study looking 
at women with anal sphincter lacerations and women with- 
out also found that these women appeared to be as sexually 
active, not more likely to complain of dyspareunia, and did 
not avoid intercourse because of pain, but they were more 
likely to report that their incontinence affected their sexual 
relationship (Pierce et al., 2006). Furthermore, although 
many women who have had anal sphincter repair for anal 
incontinence still report some incontinence, it does not cor- 
relate well with sexual function (Trowbridge et al., 2006). 
Clinicians who care for women with anal sphincter disrup- 
tion and anal incontinence know how devastating these 
injuries can be. More studies are needed to demonstrate 
the sexual dysfunction and relationship interference that is 
associated with anal incontinence. 


Surgery and Sexual Dysfunction 


Few studies are designed specifically to address the role of 
pelvic surgery on benign gynecologic issues and female sex- 
ual dysfunction. Surgery to resolve gynecologic indications 
may improve, worsen, or have no effect on sexual function. 
Pelvic pain and dyspareunia due to endometriosis or adhe- 
sions may be improved after surgery or hormonal therapies 
(Ferrero et al., 2005). Touching the vaginal apex with the 
penis, digit, or cotton swab may be painful posthysterectomy 


due to focal pain even after the vaginal cuff has healed. 
Treatment depends on the location and suspected origin of 
the pain. Lidocaine, antidepressants, and even surgical resec- 
tion for focal areas of neuropathic pain and recurrent disease 
may be helpful. Physical therapy can be particularly effec- 
tive for pain because of levator spasm (Lamvu et al., 2004). 

Most studies evaluating sexual function after surgery for 
SUI are small, retrospective, do not use validated question- 
naires, and do not include women who were not sexually 
active. Additionally, often there is no assessment of baseline 
preoperative sexual function and ultimately there are a variety 
of anti-incontinence and reconstructive surgeries included. 
Traditionally, maintenance of sexual function was mostly 
directed at the question of preserving vaginal length and cali- 
ber to allow for adequate mechanics of sexual intercourse. 
Vaginal anatomy assessed in this fashion previously had been 
found to not correlate well with sexual function and still 
appears to be unrelated to sexual satisfaction (Weber et al., 
1995; Weber et al. 2000). Multiple studies employing condi- 
tion-specific questionnaires such as the Pelvic Organ Prolapse/ 
Urinary Incontinence Sexual Function Questionnaire (PISQ) 
have demonstrated that surgical treatment for POP and 
SUI improves sexual function in both physical and partner 
domains with coital incontinence and subsequent embarrass- 
ment resolving in the majority of women (Rogers et al., 2006; 
Jha et al., 2007; Roos et al., 2014). Most prospective studies 
demonstrate that a woman’s overall sexual function improves 
after prolapse surgery because of a resolution of preexisting 
dyspareunia as well as the interference of the bulge and that 
vaginal length and caliber do not appear to be related to sexual 
satisfaction (Handa et al., 2007). 

Evidence indicates that surgery for POP also can lead to 
deterioration of sexual function. Reasons for this are dys- 
pareunia, fear of causing damage to the surgical result, new 
symptoms, and a disappointing result of surgery (Roos et al., 
2014). The complaint of pain postoperatively is not uncom- 
mon and typically a period of 6 months is considered to be 
an adequate time for symptom resolution given that surgery 
often requires vaginal dissection. De novo dyspareunia can 
occur in up to 26% of women, particularly after posterior 
colporrhaphy and levator plication (Cundiff and Fenner, 
2004). Site-specific repair does not include plication of the 
levator musculature and may have a lower rate of new onset 
dyspareunia. The new onset pain also may be a result of a 
tight vaginal introitus. The general guidelines of tightness 
of “2 to 3 fingerbreadths” may not be ideal when partner 
anatomy and vulvovaginal atrophy is taken into consider- 
ation. Finally, synthetic graft material may have an impact 
on dyspareunia by affecting the pliability and movement of 
the vagina. Controversy now surrounds some of these grafts 
because they have been implicated in vaginal exposure and 
scarring that contributes to pain. 

Few published studies have evaluated the effect on sexual 
function after anal sphincteroplasty for anal incontinence, 
and even fewer in which validated scales measuring func- 
tion and fecal incontinence were used. Additionally, it is dif- 
ficult to assess sexual function in this population of women 
because their surgeries often are performed as a combination 
of procedures for SUI and POP. Unfortunately, regardless 
of repair technique, the success rate of these procedures in 
preventing future episodes of anal incontinence often is not 
greater than 40% (Trowbridge et al., 2006). Some studies 


demonstrate that women postsurgery do report improve- 
ment in sexual sensation and satisfaction and being more 
able emotionally to engage in sexual activity (Lewicky et al., 
2004). Other authors report no difference in sexual func- 
tioning in the anal repair group when compared with con- 
trols. Fecal incontinence of solid stool is recognized as the 
most severe form of AI and this type of AI, as well as the 
presence of symptoms of depression related to fecal inconti- 
nence, appears most likely to be correlated with poor sexual 
function (Pauls et al., 2007). 


Screening and Evaluation for Sexual 
Dysfunction 


Identification and Assessment of a Sexual 
Problem 


Because sexual functioning is multifactorial, a thorough 
sexual history and physical examination should assess med- 
ical, reproductive, surgical, psychiatric, social, and sexual 
information. Numerous barriers interfere with communica- 
tion of sexual function concerns during the typical patient- 
physician interaction. This lack of discussion regarding 
sexual concerns may be the result of incomplete or insuf- 
ficient knowledge on the part of the provider, poor training 
in the taking of an effective sexual history, a perceived lack 
of office time, a limited number of approved pharmacologic 
options for treatment, and an uneasiness on both the part of 
the patient and the provider about discussing such issues. 
Sexual problem identification should be a routine part 
of primary care and the review of systems can be an ideal 
time to elicit such concerns. Postpartum and postsurgical 
periods must include such a discussion and assessment as 
well. Direct questioning is critical to uncovering a patient’s 
sexual concerns and also signals that you are comfortable 
with discussing sexual health concerns. Studies have shown 
that patients are reluctant to initiate discussions about sex- 
ual concerns, but very much want their provider to set up 
the environment and open dialogue for this to take place 
(Berman et al., 2003). The PLISSIT model can be a help- 
ful tool for discussing health concerns with patients (Annon, 
1976) (See Table 6.5). Also, when conducting the interview, 


Table 6.5 PLISSIT Model 


p Given the patient Permission to talk about her sexual 
concerns by asking open-ended questions 
LI Provide the patient with Limited Information such as 


education about female anatomy and physiology and 
basic changes in sexual function throughout the aging 
process. Not all information must be provided at one 
encounter. Patients should be encouraged to make 
follow-up appointments for continued discussion and 
management as needed 

SS Make specific Suggestions in response to the problem 
(i.e., suggest lubricant use for vaginal dryness) 

IT A referral to a specialist for Intensive Therapy may be more 
appropriate after your basic education and sugges- 
tions. It is best if the clinician explains this collaborative 
multidisciplinary approach so that the patient does not 
feel abandoned 


Based on the work of Annon J. Behavioral Treatment of Sexual Problems. 
Hagerston, MD: Harper & Row; 1976. 


the PEARLS model can provide a useful structure to elicit 
empathy and open communication (See Table 6.6). 

It is important to ask about the gender of partners and 
also not to assume that the woman’s sexual behavior is lim- 
ited to one partner or even to an identified partner or spouse. 


Evaluation of an Identified Problem 


Any office visit can include a brief assessment of sexual func- 
tion. Many screening tools for sexual dysfunction are compli- 
cated and more useful in the research setting than in clinical 
practice. Commonly used validated scales include those 
in Table 6.7. The questions listed in ‘Table 6.8 can be used 
for an initial screen for sexual problems. The Brief Sexual 
Symptoms Checklist (Table 6.9) also may prove to be help- 
ful. These questions help to identify the specific components 


Table 6.6 PEARLS Model 


p The clinician should acknowledge that this is a Partnership 
and that they are in it together 

E The clinician should express understanding and Empathy 

A The clinician should address any unmet expectation with 
an Apology 


R The clinician should acknowledge any patient suffering or 
dissatisfaction with Respect/Reflection/Reinforce 

L The clinician should Legitimize the patient’s concerns and 
feelings 

5 The clinician should Support the patient and emphasize 
that they will continue to work with the patient 


This is a useful structure for the health professional to use in order to 
demonstrate empathy and therefore open communication, which 
ultimately will allow for a productive interview with the patient. 

Cohen-Cole S. The Medical Interview: The Three Function Approach. St. Louis: 
Mosby-Yearbook, 1991. 


Table 6.7 Validated Tools That Can Be Used 
to Measure Female Sexual Dysfunction 


Tool 


Female Sexual Function Index (FSFI) 
(Rosen et al., 2000) 

Female Sexual Function Index-6 Item 
(FSFI-6) (Isidori et al., 2010) 

The McCoy Female Sexual Function 
Questionnaire* (McCoy 2000) 

The Brief Sexual Symptoms Checklist 
(Hatzichristou et al., 2010) 

The Female Sexual Distress 
Scale-Revised (Derogatis et al., 2008) 

The Intimate Relationship Scale 
(Fischman et al., 1986)* 

Sexual Quality of Life-Female (SQoL-F) 
(Symonds et al., 2005) 


Golombok Rust Inventory of Sexual 
Satisfaction (GRISS) (Rust and 
Golombok, 1985) 

Decreased Sexual Desire Screener 
(DSDS) (Clayton et al., 2009) 

Pelvic Organ Prolapse/Urinary 
Incontinence Sexual Questionnaire 
(PISQ-12) (Rogers et al., 2003) 


Assessed Area 


Desire, arousal, 
orgasm, and pain 

Desire, arousal, 
orgasm, and pain 


Distress 


Changes in sexual 
relationship 

Quality of life in 
women with 
female sexual 
dysfunction 

Quality of sexual 
relationship 


Brief diagnostic tool 
for HSDD 

Sexual function in 
women with pro- 
lapse or urinary 
incontinence 


HSDD, hypoactive sexual desire disorder; FSD, female sexual dysfunction. 
*Validated in pregnant and/or postpartum women. 


of the sexual problem and address the patient’s perceptions 
of the problem and the timeline, context, and other health 
problems that might contribute to a sexual complaint. 

Once a problem is identified it is still important to specify 
the components of the sexual response that are compromised 
(see Table 6.8 of Key Questions). Answers to these questions 
not only assist in isolating the key issues and etiologies, but 
also serve as a basis for treatment considerations. A thorough 
sexual history or physical examination must be pursued to 
uncover the physiologic and anatomic factors involved with 
the sexual complaint (Tables 6.10 and 6.11). No standard 
laboratory tests or imaging studies are required for the initial 
evaluation of a patient with a normal exam. It is imperative 
that the clinician pay special attention to the physical features 
relevant to sexual function. Each step of the exam should be 
explained and agreed on by the patient, particularly in the 


Table 6.8 Suggested Sexual Assessment 


Questions 


How does the patient describe the problem? 

How long has the problem been present? 

Was the onset sudden or gradual? 

Is the problem specific to a situation or partner or is it generalized? 

Were there any precipitating events? 

Are there problems in the women’s primary sexual relationship 
or any sexual relationship? 

Are there current life stressors that might be contributing to 
sexual problems? 

Is there guilt, depression, or anger that is not being directly 
acknowledged? 

Are there physical problems such as pain? 

Are there problems in desire, arousal, or orgasm? 

Is there a history of physical, emotional, or sexual abuse? 

Does the partner have any sexual problems? 


Adapted from Basson R. Taking the sexual history, part 1: eliciting the 
sexual concerns of your patient in primary care. Med Aspects Human Sex. 
2000;1:13. 


Table 6.9 Brief Sexual Symptoms Checklist for 


Women (BSSC-W) 


Please answer the following questions about your overall sexual 
function 


1. Are you satisfied with your sexual function? 
— WE 
— No 
If no, then please continue. 


2. How long have you been dissatisfied with your sexual 
function? 


3a. The problem(s) with your sexual function is: (Mark one or 
more) 
— 1 problem with little or no interest in sex 
_ 2 problem with decreased genital sensation (feeling) 
— 3 problem with decreased vaginal lubrication (dryness) 
— 4 problem with reaching orgasm 
— 5 problem with pain during sex 
— 6 other 


3b. Which problem is the most bothersome (circle) 123456 


4. Would you like to talk about it with your doctor? 
— 5 
— No 


Reprinted from Hatzichristou D, Rosen RC, Derogatis LR, et al. Recom- 
mendations for the clinical evaluation of men and women with sexual 
dysfunction. | Sex Med. 2010;7:337. 


woman with a history of abuse or pain. The provider should 
attempt to increase the patient’s sense of control and estab- 
lish a foundation of trust. The examination also is an oppor- 
tunity to provide education about anatomy and female sexual 
function especially if the partner is with her. 

When choosing a questionnaire, a clinician must con- 
sider what they are hoping to accomplish and whether they 
are looking for generic or condition-specific information. 
A validated scale that was developed specifically for use by 
clinicians not specifically trained in sexual medicine is the 
Decreased Sexual Desire Screener (Clayton et al., 2009). 
It is a five-question self-administered survey to help iden- 
tify generalized acquired HSDD in pre- and postmenopausal 
women in a time efficient manner. Another validated tool for 
office-based use is the Brief Profile of Female Sexual Func- 
tion (B-PFSF) (Rust et al., 2007). This seven-question self- 
administered survey measures the loss of sexual desire and 
function in postmenopausal women with HSDD. The Pelvic 
Organ Prolapse/Urinary Incontinence Sexual Questionnaire 
(PISQ-12) is a short-form 12-question, self-administered 
test that measures sexual function in women with POP or 
urinary incontinence (Rogers et al., 2003). The FSFI 6-item is 
a brief self-reporting instrument to assess the areas of desire, 
arousal, orgasm, and pain (Isidori et al., 2010) (see Table 6.7). 
The original 19-item version often is used in clinical trials. 


Treatment of Female Sexual Disorders 


Sexual function does not exist in a vacuum. Women often 
present with reports of sexual problems, but they have little 
insight into how or when the problem occurred. Sexuality 
and desire can be deeply affected by the quality and stability 


Table 6.10 The Components of a Detailed 


Sexual History 


Details 

Age, events surrounding 

Verbal, emotional, physical, 
sexual 


Psychosocial Issues 


First sexual encounter 
History of abuse 


Number and gender of 
previous partners 

Nature of current relationship 

Specific sexual behaviors Masturbation, oral, anal, inter- 
course, accessories, erotica 

Religious and/or cultural 


influences 


Medical Issues 


Alcohol, illicit drug and/or 
tobacco use 

Current health status 

Medications 

Reproductive history and 
current status 


Menarche, menstrual history, 
obstetric and gynecologic 
history, hormone use, 
contraception, infertility, 
urologic issues, pain, sexually 
transmitted infections 


Surgical History 


Medical conditions Neurologic, endocrine, car- 
diovascular, dermatologic, 
autoimmune disorders, 
cancer 


Psychiatric illnesses 
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of a relationship with a sexual partner. In addition to this, 
her partner’s own sexual health and well-being can affect her 
sexual activity. Differing expectations based on religious and 
cultural norms may be underlying an unsatisfying sexual expe- 
rience. Also affecting female sexual function is a history of 
sexual abuse, negative sexual experiences, poor body image, 
lack of feeling safe, low sexual self-image, stress, fatigue, and 
mood or anxiety disorders (Bancroft et al., 2003). 
Hormonal milieu has long been thought to play a role 
in sexual function and dysfunction. Many women who 
seek assistance for sexual dissatisfaction report that their 
problem first arose during pregnancy or in the postpartum 
period. We know that estrogen and testosterone decline 
with age and through the menopause. Women achieve peak 
androgen production in their mid-20s and gradually lose 
circulating testosterone and the adrenal preandrogens in an 
age-dependent fashion. By the time women reach their 60s, 
testosterone levels are half of what they were before age 
40 years. Menopause and this state of declining steroid hor- 
mones have long been associated with a women’s perceived 
change in her sexual activity and response. Postmenopausal 
estrogen deficiency leads to vulvovaginal atrophy, dryness, 
reduced clitoral blood flow, and decreased clitoral sensitiv- 
ity. This may result in dyspareunia and orgasmic dysfunction. 
Surgical menopause with removal of the ovaries can lead to 


Table 6.11 Components and Related Conditions 


of a Thorough Physical Examination in Sexual 
Function Assessment 


Inspection of the External Genitalia 


Vulvar skin turgor, thickness, 
color, integrity 

Pubic hair amount and 
distribution 

Labial abnormalities 


Lichen sclerosus/planus, atrophy, 
dermatologic conditions 
Androgen level 


Previous circumcision, congeni- 
tal variations, clitoromegaly 
Pain mapping of the vulva and 

vestibule 
Urethral diverticulum 


Cotton swab test 


Hymenal and urethral 
abnormalities 

Vestibular, skene, and 
bartholin glands 

Speculum exam 


Cyst, abscess 


Vaginal pH, genital cultures, 
examination for atrophy, 
assessment for prolapse 


Monomanual/Bimanual Examination 


Introital assessment Contraction, relaxation ability, 
tenderness, scarring 
Assess for muscle tension, 


tenderness and trigger points 


Bladder, urethra, levator 
muscles, pelvic floor 
assessment 

Uterus and adnexa, 
rectovaginal exam 


Palpate for mobility, fixed cul- 
de-sac, uterosacral ligaments, 
vaginal length, prolapse 

General examination 


Evaluation of signs of anemia, 
endocrine disorders 

Evaluate for signs of 
connective tissue disease 


Palor, hair loss, thyromegaly, 
striae 

Dryness consistent with 
Sjogren's syndrome, sclero- 
derma, other 

Neurologic disease, arthritis, 
chronic pain, fibromyalgia 


Evaluation for disabilities of 
movement or sensation 


Adapted from Phillips NA. The clinical evaluation of dyspareunia. Int | Impot 
Res. 1998;10:5117. 


an abrupt onset of severe menopausal symptoms, including 
decreased sex drive. Changes in overall health status with 
the development of chronic diseases and the use of medica- 
tions to manage these conditions can lead to reduced sexual 
function (see Tables 6.2 and 6.3). Pelvic floor disorders and 
issues of incontinence also contribute to a woman’s sense 
of well-being and her sexual response, as noted previously. 

In general, treatment of sexual concerns demands an 
individualized approach. The foundation for treating sexual 
concerns includes using the PLISSIT model for history- 
taking and therapy; facilitating both patient and partner 
education; identifying and treating medical conditions that 
contribute, considering both the past and present use of 
medications and substances as a causative role; providing 
sexual counseling, coaching, and referring for psychother- 
apy or intensive sex therapy when indicated. The patient 
is much more likely to comply with referral if the clinician 
verbalizes both the nature of the problem and the use of a 
specialist or multidisciplinary approach. 


Hypoactive Sexual Desire Disorder 


The treatment for HSDD depends on which component of 
desire is impaired. Sex therapy—cognitive behavioral psy- 
chotherapy (CBT) either as an individual or couples is indi- 
cated if the primary component impaired is interpersonal or 
psychological. This methodology can assist in educating the 
individual or couple about normal sexual function, anatomy, 
and physiology. CBT helps an individual navigate areas of 
poor communication skills and imbalanced expectations. 
It allows for more productive interactions and role playing 
that ultimately can lead to resolution of resentment, avoid- 
ant behavior, and conflict resulting in better intimacy. 
Pharmacologic treatment would be the first-line option 
for women whose primary component is physiologic. Over 
the past decade, numerous well-powered, well-designed 
clinical trials have shown that transdermal testosterone in 
physiologic to slightly supraphysiologic doses is effective 
in the treatment of HSDD in the postmenopausal woman 
(Buster et al., 2005; Braunstein et al., 2005; Shifren et al., 
2006). Presently, no testosterone product is approved by the 
U.S. Food and Drug Administration (FDA) for the treat- 
ment of HSDD. Long-term safety concerns have stalled 
the FDA approval of topical testosterone therapy for post- 
menopausal women. The European Medicines Agency of the 
European Union has approved the use of the 300 mcg/day 
testosterone matrix patch since 2007. Several testosterone 
therapy options have been utilized off-label by U.S. clini- 
cians. Transdermal testosterone gels are FDA-approved for 
men and are used sometimes for women in an off-label fash- 
ion by reducing the amount applied to estimate what has 
been shown to be the effective dose in women (300 mcg/ 
day.) These patients are carefully consented and monitored 
for side-effects and therapeutic delivery to avoid supraphys- 
iologic dosing. Alternatively, some practitioners are utilizing 
compounding pharmacies to formulate testosterone in vari- 
ous vehicles: Transderma PLO (Premium Lecithin Organo- 
gel) gel dispensed in 5 mL syringes, pellets of 25 to 100 mg 
inserted with local anesthesia every 3 to 4 months, and sub- 
lingual and buccal formulations. Dehydroepiandrosterone 
(DHEA) is a prohormone of testosterone that is available 
as over-the-counter supplements in tablets of 25 to 50 mg. 


PART 2 Basic Science 


Clinical trials now are being conducted utilizing DHEA in a 
transdermal approach for the treatment of HSDD, vaginal 
atrophy, and prevention of osteoporosis (Labrie et al., 2009). 

Bupropion is an antidepressant that has been shown to 
have a moderate prosexual effect and is utilized to treat the 
sexual side effects of selective serotonin reuptake inhibi- 
tors. It has both dopamine and norepinephrine reuptake 
inhibition. 


Sexual Aversion Disorders 


Central to the treatment of this disorder is distinguishing 
the events that may lead to its development and current 
behavior that may be reinforcing it. Treatment is based on 
a graduated exposure paradigm in which the patient pairs 
relaxation exercises with patient-controlled reintroduction 
of sexual behavior. SSRIs and anxiolytics may be employed, 
but a referral to a professionally trained clinician in this 
disorder is of the utmost importance. 


Female Sexual Arousal Disorders 


First, the clinician should identify which subtypes of this 
disorder may be present or overlapping. Current options of 
treatment include learning to adequately attend to sexual sen- 
sations using masturbation and self-stimulation training alone 
or with one’s partner, and improving communication with 
one’s partner to include frank discussions of what promotes 
romance and intimacy and what interferes. The use of erotica, 
fantasy, and sexual accessories such as adjunctive aids can be 
encouraged. Physiologic strategies employing phosphodies- 
terase inhibitors (Sildenafil) have been studied in hopes of 
overcoming the problems of poor vasocongestion and blood 
flow, but engorgement did not conclusively result in subjective 
arousal (Berman et al., 2003). 

Systemic and locally administered estrogen therapy often 
helps postmenopausal women with FSAD due to genital 
insensitivity, vaginal atrophy, lack of lubrication, and genital 
vasocongestion. Vulvovaginal symptoms do not improve over 
time as do the vasomotor symptoms of low estrogen states 
and the menopausal transition. Because of the complexity 
and possible side effects and risk factors associated with sys- 
temic estrogen usage, many patients and clinicians have opted 
for the vaginally administered minimally absorbed estro- 
gen, which has been shown to be effective for and is FDA- 
approved for the use in dyspareunia caused by vulvovaginal 
atrophy. This manner of estrogen administration can be found 
in many delivery forms, such as creams, tablets, and ring. 
DHEA presently is being studied in a vaginally-administered 
formulation for the treatment of HSDD and FSAD as it is 
converted to estrogen locally by the vaginal tissue and is mini- 
mally absorbed systemically (Labrie et al., 2009). 

The EROS™ Clitoral Therapy System is the only FDA- 
approved device currently available to treat female sexual 
dysfunction. It produces clitoral vascular congestion through 
a vacuum apparatus and is designed to help with arousal 
problems. It is prescription only, but it can be used in con- 
junction with manual vibrators and hand-held massagers. 

Femprox® is an alprostadil-based cream intended for the 
treatment of FSAD. Alprostadil (PGE1) (FEMPROX) is 
a naturally occurring potent vasodilator that has an impor- 
tant role in the regulation of blood flow to the female 


reproductive tract and is combined with a skin penetration 
enhancer (DDAIP), an ester of N,N-dimethylalanine and 
dodecanol. 

Apomorphine is a dopamine agonist that has been used 
as a subcutaneous injection for the treatment of Parkinson’s 
disease and has been researched as an oral treatment for 
arousal disorder. 

Bremelanotide is a melanocortin receptor-4 agonist 
(MCR4 agonist) for the treatment of HSDD and FSAD 
Bremelanotide is a synthetic analog of a-melanocyte stimu- 
lating hormone and is an agonist that activates the melano- 
cortin receptors MC3-R and MC4-R in the central nervous 
system. It initially was delivered as a nasal spray, and Phase 
II results were promising but development was stopped 
because of adverse effects on blood pressure. It recently has 
been reformulated in a lower dose as a subcutaneous injec- 
tion and a Phase IIb study in premenopausal women with 


HSDD and/or FSAD found that it improved both. 


Anorgasmia 


The most effective treatment for the patient with orgasmic 
dysfunction is usually cognitive behavioral therapy and edu- 
cation. Many of these women with primary anorgasmia need 
to learn to become comfortable with their bodies and their 
sexual response, and this is achieved by altering negative 
perspectives and decreasing anxiety. The therapy uses tech- 
niques of directed masturbation, sensate focus exercises, 
and systematic desensitization. One of the most important 
things that a clinician can do is to educate about the female 
sexual response, to give the woman permission to explore 
and understand her body, and to debunk the myths that con- 
tribute to the negativity directed at self-stimulation. Women 
with secondary anorgasmia or dysfunction need to have an 
assessment of the possible contributions of health conditions 
and medications to their sexual concerns as well as an under- 
standing that orgasmic function also can change with age. 
Many of the techniques employed to treat sexual arousal dis- 
orders can be utilized for orgasmic disorders as well. 

Few pharmacologic options have been researched for the 
treatment of orgasmic disorder. Currently, an intranasal low- 
dose nasal gel formulation of testosterone is being investigated 
as an on-demand treatment option. There is currently a Phase 
II trial under way in the U.S., Canada, and Australia. 


Dyspareunia 


In determining a treatment strategy for dyspareunia, it is 
imperative that the clinician identify a broad differential diag- 
nosis so that treatment can be directed appropriately at the 
underlying physiologic, anatomic, or psychological source of 
the pain. A careful and in-depth evaluation must take place. 
The pain must be identified by its character, initial onset, ini- 
tiating and alleviating factors, duration, severity, impact on self 
and partner, and previous treatments. The examination con- 
tains a thorough inspection of the anatomy of the vulva and 
may or may not include a speculum if the patient can tolerate 
it. A cotton swab test of the vulvar vestibule and palpation of 
the pelvic floor musculature must be included. Collection of 
vaginal discharge for testing can take place if appropriate. It 
often helps to separate the location of dyspareunia into catego- 
ries: superficial (introital), pelvic (deep), and emotional factors. 


Because dyspareunia may be understood as a symptom 
itself instead of a dysfunction, treatment is individualized 
to the specific origin of the pain and to any related behav- 
ioral causes or repercussions. Patient counseling, education, 
and referral to a qualified therapist should be provided, as 
needed. 


Vaginismus 


During an assessment where vaginismus is considered to be 
a possibility, the clinician must remember that vaginismus 
still can be present without reported pain, and it can be 
limited to sexual activity only, pelvic examination only, or 
combination of the two. Because it is essentially an anxiety- 
mediated disorder, treatment usually is comprised of a com- 
bination of cognitive and behavioral therapeutic approaches 
that are geared toward helping the woman to alleviate her 
fear and anxiety about penetration. This systematic desen- 
sitization also includes a program during which the woman 
learns progressive muscle relaxation techniques to help her 
to achieve a sense of control over sexual activity or pelvic 
exams. Pelvic floor physical therapy provides guidance and 
reassurance and measures progress, especially if there is 
myofascial pain or hypertonicity associated with the vagi- 
nismus. In time, the woman also can be instructed on how 
to progressively insert graduated vaginal dilators so that she 
may learn to understand that she is no longer in danger of 
experiencing pain from penetration. 


Conclusion 


It is well understood that providers of health care to 
women have a duty to promote patient well-being. Provid- 
ing education about sexual health and function, addressing 
changes in sexual function, and evaluating and addressing 
sexual complaints must be part of the standard care that is 
given. The task of screening for sexual dysfunction requires 
knowledge of the complexity of the female sexual response 
and the factors that affect it. Viewing this process through 
a biopsychosocial perspective and treating patients in an 
individualized fashion via a multidisciplinary approach is 
likely to lead to more successful outcomes. 
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Psychosocial Impact of Pelvic Floor Disorders 


Epidemiology 


Female pelvic floor disorders include urinary incontinence, 
pelvic organ prolapse, and anal incontinence. These condi- 
tions can have a significant impact on a woman’s functioning 
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and quality of life and are associated with limitations that 
can negatively impact a woman’s wellness and health. With 
the aging population, female pelvic floor disorders are a 
significant issue from both an individual and public health 
perspective. This chapter reviews the epidemiology, risk 
factors, and the psychosocial impact of these conditions. 


Urinary Incontinence 


In general, urinary incontinence can be characterized by the 
presence of specific symptoms, frequency of urine leak- 
age, severity of leakage, degree of bother to the woman, 
and type of incontinence. Prevalence and incidence rates 
can vary widely depending on the definition used, as 
well as measurement and survey methods and population 
differences. 


Prevalence 


Prevalence rates reflect the total number of cases of disease 
in the population at a given time. For urinary incontinence, 
definitions used in the literature range from using the pres- 
ence of leakage (yes/no) to using the frequency of leakage 
(daily, weekly, monthly, ever) to using symptom bother to 
determine prevalence. Therefore, it is important to qualify 
what specific definition was used when reporting preva- 
lence and incidence rates. 

A review of 21 studies by Thom et al. (1998) found the 
average prevalence of any incontinence for older women 
was 34%, and 12% for daily incontinence. For middle-aged 
and younger adults, the average prevalence of any inconti- 
nence was slightly lower at 25% in the same study. Nygaard 
et al. (2008) analyzed the National Health and Nutrition 
Examination Survey (NHANES) and used a more strict 
definition, defining incontinence as “at least weekly leakage 
or monthly leakage more than drops.” Based on this defini- 
tion, the authors reported a prevalence of 15.7%. Also using 
NHANES data, Markland et al. (2011) reported a preva- 
lence of 51% when incontinence was defined as any positive 
response. Table 7.1 summarizes the prevalence of urinary 
incontinence based on age group and varying definitions. 

Prevalence rates also vary based on symptom sever- 
ity. Again using NHANES data, Minassian et al. (2008) 


reported that the prevalence of any urinary incontinence in 
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Table 7.1 


Prevalence Rates and Definitions of Urinary Incontinence, by Age Group and Definition 


Author Definition Used Prevalence (%) 
All Ages 

Nygaard et al. (2008) At least weekly leakage or monthly leakage more than drops 157 
Markland et al. (2011) Any leakage Siel 
Middle Ages 

Nygaard et al. (2008) (ages 40-59) At least weekly leakage or monthly leakage more than drops 172 
Waetjen et al. (2007) (ages 42-52) At least monthly incontinence 46.7 
Irwin et al. (2006) (ages 40-59) Any urine loss I7 
Older Ages 

Nygaard et al. (2008) (ages 60 and older) At least weekly leakage or monthly leakage more than drops 23.3-31.7 
Irwin et al. (2006) (ages 60 and older) Any urine loss 20 


Other 
incontinence 
4% 
Stress 
incontinence 
33% 
Mixed 
incontinence 
50% 
Urge 
incontinence 
13% 


FIGURE 7.1 Prevalence of urinary incontinence based on inconti- 
nence type. (Data from Melville JL, Katon W, Delaney K, et al. Urinary 
incontinence in US women. Arch Intern Med. 2005;165:537.) 


women aged 50 to 59 was 19.9% for “mild” incontinence, 
16.5% for “moderate” incontinence, and 25% for “severe” 
incontinence. Variable prevalence rates were also seen in 
other age groups based on symptoms severity. 

The type of urinary incontinence is also important when 
considering the prevalence of the condition (Fig. 7.1). The 
prevalence of stress urinary incontinence ranges from 33% 
to 54%, urge urinary incontinence ranges from 12% to 16%, 
and mixed urinary incontinence ranges from 19% to 50% 
in populations reporting any incontinence. Similar data are 
available from multiple countries documenting that these 
conditions are highly prevalent worldwide. 


Incidence, Remission, Improvement, 
and Progression 


Urinary incontinence is a dynamic condition and symptoms 
may wax and wane. Incidence rates reflect the number of 
new cases of disease in the population during a specified 
period of time. The average one-year incidence ranges from 
6.9% to 11.1% in the United States in women younger than 
55 years (Townsend et al., 2007; Waetjen et al., 2007). 
The rate is higher in older women, estimated to be 13.8% 
over l year in women 54 to 79 years of age. Remission, 


improvement, and progression data are more limited. 
Reported l-year remission rates range from 4.6% to 9.1% 
(Townsend et al., 2007; Lifford et al., 2008; Komesu et al., 
2009). Improvement rates range from 4.5% to 16% over 
l year and one study estimated that symptom progression 
rate is 16%. 


Urinary Incontinence during Pregnancy 
and Postpartum 


Stress urinary incontinence is common during pregnancy with 
a prevalence ranging from 40% to 59%. In general, the sever- 
ity may worsen throughout pregnancy. In postpartum women, 
stress urinary incontinence will resolve in many, and the prev- 
alence is estimated to range from 15% to 30% (Milsom et al., 
2009). In longitudinal studies, the cumulative incidence rate 
of urinary incontinence is estimated to be approximately 39% 
(Solans-Domenech et al., 2010). Up to 26% of women who 
reported urinary incontinence during pregnancy will have 
persistent leakage in the postpartum period; the majority will 
have resolution. Of those with persistent leakage, 47% will 
report moderate to severe symptoms. 


Costs 


The financial burden of urinary incontinence and overac- 
tive bladder syndrome is significant and includes direct and 
indirect costs. Direct costs include costs to the patient for 
routine care (absorbent products, laundry), medical visits, 
and treatments. Indirect costs include loss of productivity 
and costs of paid or unpaid caregivers, which are more dif- 
ficult to measure (Table 7.2). Many studies support that the 
largest cost item associated with urinary incontinence for 
both community-dwelling women as well as those in nurs- 
ing homes remains routine care and supplies, with only a 
minimal proportion of the costs going to evaluation and 
treatment. Although most studies evaluate the direct costs 
due to accessibility of data, the economic impact of indirect 
costs should not be underemphasized. 

A study by Wilson et al. (2001) estimated that the annual 
direct cost of urinary incontinence for women was $12.4 
billion (2001 U.S. dollars) and the largest cost category 
was routine care (70% of costs), followed by nursing home 
admissions (14%), treatment (9%), complications (6%), 
and diagnosis and evaluation (1%). Medicare spending on 
incontinence treatment continues to increase dramatically. 
For Medicare beneficiaries aged 65 and older, Thom et al. 
(2005) used multiple national databases and reported that 
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Table 7.2 Costs of Urinary Incontinence 


Type of Cost Examples 


Direct Costs 


Diagnostic and evaluation Physician consultation and 
costs evaluation, laboratory, diagnostic 
procedures 

Surgery, medication, pelvic/behav- 
ioral therapy 

Routine care costs Nursing labor, supplies, laundry 

Rehabilitation costs Nursing, supplies 

Incontinence consequence Skin breakdowns, urinary tract 
costs infections, falls, nursing home/ 

assisted living care 


Treatment costs 


Indirect Costs 


Time, loss of work 

Missed time from work for diagno- 
sis/treatment, missed time from 
work due to morbidity 


Costs of unpaid caregivers 
Loss of productivity 


the expenditures for inpatient and outpatient medical care 
doubled from $128 million in 1992 to $234 million in 1998. 
They also estimated that 23% of incontinent women missed 
an average of 28.7 h of work due to inpatient and outpatient 
care associated with urinary incontinence treatment. 

At the individual level, annual routine costs alone are 
estimated to be $250 to $900 per woman in 2005 (Subak 
et al., 2008). Direct costs for incontinence management 
increase significantly with greater incontinence frequency. 
Subak et al. (2012) evaluated the impact of incontinence 
improvement on incontinence-associated costs and found 
that the mean cost for an individual decreased by 23% for 
each decrease of seven incontinence episodes per week. 
Because most of the cost associated with incontinence care 
is out of pocket, patients assume great financial responsibil- 
ity in managing this condition. 


Pelvic Organ Prolapse 


Similar to incontinence, definitions for pelvic organ pro- 
lapse are also variable. The International Continence Soci- 
ety (ICS) defines prolapse as the descent of one or more of 
the anterior vaginal wall, posterior vaginal wall, and the apex 
of the vagina or vault. Most epidemiologic studies define 
prolapse based on either physical examination findings or 
patient symptom report. 


Prevalence, Incidence, Remission, 
and Progression 


Most population-based surveys define prolapse based solely 
on patient symptoms, commonly defined as an affirmative 
response to seeing/feeling a vaginal bulge. Using this defini- 
tion, the prevalence of prolapse symptoms ranges from 2.9% 
to 8% in the United States (Nygaard et al., 2008; Rortveit 
et al., 2007; Bradley et al., 2005). These studies did not 
include physical examination information. Additional stud- 
ies from the Women’s Health Initiative (WHI) including 
U.S. women aged 50 to 79 years found the prevalence of 
any degree of prolapse based on examination alone of grades 
1 to 3 prolapse to be 41.1% (Handa et al., 2004; Hendrix 
et al., 2002). Table 7.3 presents the estimated prevalence 


Table 7.3 Prevalence of Pelvic Organ Prolapse 


Study Definition of Prolapse Prevalence 
Swift et al. Exam only Stage 0 = 24% 
(2005) Stage 1 = 38% 
Stage 2 = 35% 
Stage 3 = 2% 
Hendrix et al. Exam only Any prolapse = 41.1% 
(2002) Cystocele = 34.3% 
Uterine = 14.2% 
Rectocele = 18.6% 
Handa etal. Exam only Cystocele = 24.6% 
(2004) Uterine = 3.8% 
Rectocele = 12.9% 
Rortveit et al. Symptoms only 5.70% 
(2007) 
Nygaard et al. Symptoms only 2.90% 
(2008) 
Slieker-ten Symptoms only 11.40% 
Hove et al. 
(2009) 


of prolapse based on physical examination for various com- 
partments. These studies did not include patient symptom 
information. Prevalence estimates based on exam findings 
alone are higher compared to those based on symptom 
reports alone. 

Data are limited for the incidence and remission of pel- 
vic organ prolapse. Based on the WHI data, incidence of 
grades 1 to 3 prolapse are estimated to be 9.3/100 women- 
years for cystocele, 5.7/100 women-years for rectocele, and 
1.5/100 women-years for uterine prolapse. The remission 
rates are estimated to be up to 9%, with cystocele having 
higher remission rates than rectocele. Prolapse progression 
ranged from 1.9% for uterine prolapse, to 9.5% for cys- 
tocele, and 14% for rectocele. Older, parous women are 
more likely to develop new or progressive prolapse than to 
regress. Progression and resolution appear to be dependent 
on baseline severity of prolapse. 

After pregnancy and delivery, 31% of women have stage 
II prolapse. After delivery, 14% to 15% of women have pro- 
lapse at or below the hymen and 5% have this after cesarean 
delivery. 


Costs 


The direct cost of pelvic organ prolapse surgery in 1997 was 
estimated to be $1012 million based on national average 
Medicare reimbursement. Physician services accounted for 
29% and hospitalization accounted for 71% (Subak et al., 
2001). There are few data on the indirect costs or direct 
patient costs of pelvic organ prolapse. 


Anal Incontinence 


Prevalence, Incidence, and Remission 


Anal incontinence includes the involuntary passage of gas, 
mucus, liquid, or solid stool. The prevalence and epidemi- 
ology of anal incontinence has been poorly documented, 
and many women are too embarrassed to report the condi- 
tion. Most epidemiologic studies define anal incontinence 
as any involuntary leakage of stool. Depending on the defi- 
nition used, the prevalence of fecal incontinence in U.S. 
women ranges from 2.2% to 24%. When defined as any 
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leakage in the past year, the prevalence is estimated to be 
approximately 24% (Varma et al., 2006). When defined 
more frequently as at least monthly leakage, the preva- 
lence is estimated to be approximately 9% (Nygaard et al., 
2008). 

Whitehead et al. (2009) estimated the prevalence of dif- 
ferent types and frequencies of fecal incontinence in non- 
institutionalized U.S. women using NHANES data. The 
overall prevalence of fecal incontinence within the past 
month was 8.9%, and increased with age from 2.6% in 20 
to 29-year-olds to 15.3% in women 70 years and older. The 
most common type of incontinence was with watery/liquid 
stool (>20%), followed by hard and normal stool (approxi- 
mately 9% for both). Fifty-one percent of women reported 
leakage of gas in the past month and 21% reported at least 
daily leakage of gas. 

Data regarding the incidence, regression, and progres- 
sion of anal incontinence are extremely limited. Markland 
et al. (2010) estimated the incidence and remission of 
fecal incontinence in Medicare beneficiaries. Defining fecal 
incontinence as any loss of bowel control during the previ- 
ous year, the incidence rate at four years was approximately 
18% in women and the remission rate was 57%. The over- 
all incidence rate for the development of more severe fecal 
incontinence, defined as monthly or greater incontinence, 
was 6.3%. 


Anal Incontinence during Pregnancy 
and Postpartum 


During pregnancy, up to 10% of women present with 
anal incontinence, and the cumulative incidence rate is 
estimated to be 10.3% (Solans-Domenech et al., 2010). 
Of the women reporting anal incontinence during preg- 
nancy, 29.7% reported persistent anal incontinence 
postpartum. 


Costs 


Mellgren et al. (1999) reported the average lifetime cost 
to be approximately $17,166 per patient for treatment, 
follow-up, physician evaluation, and costs for protective 
materials in 1996, and average surgical costs were $8555 
per procedure. Sung et al. (2007) estimated the hospital 
cost of inpatient surgery alone for female fecal incontinence 
to be $6000 per surgical admission in 2003, totaling $24.5 
million spent on hospital costs for surgery alone that year. 
This estimate did not include direct costs of physician ser- 
vices or any indirect costs. 


Coexisting Pelvic Floor Disorders 


Pelvic floor disorders often coexist in the same woman. 
In community-dwelling women, 23.7% report symptoms 
of one or more pelvic floor disorders. By specific condi- 
tion, the co-occurrence of having at least one other pelvic 
floor disorder is 80% in women with stress incontinence 
or overactive bladder, 69% with pelvic organ prolapse, and 
48% with anal incontinence. Fifty-six percent of women 
report both stress incontinence and overactive bladder, 
58% report both stress incontinence and anal incontinence, 
56% report overactive bladder and anal incontinence, and 
29% report pelvic organ prolapse and any incontinence 


(Lawrence et al., 2008). 


Future Projections 


It is projected that future demands for ambulatory care 
and surgical treatment for female pelvic floor disorders will 
increase. Wu et al. (2009) estimated the increase in num- 
ber of women who will be affected by pelvic floor disor- 
ders through 2050 using NHANES prevalence rates and 
U.S. Census Bureau projections. Using these methods, the 
authors estimated that the number of American women 
with at least one pelvic floor disorder will increase from 
28.1 million in 2010 to 43.8 million in 2050. During this 
time period, the number of women with urinary inconti- 
nence will increase 55% from 18.3 million to 28.4 million. 
Fecal incontinence will increase 59% from 10.6 million to 
16.8 million, and the number of women with prolapse will 
increase 46% from 3.3 million to 4.9 million. The highest 
estimated projections for 2050 estimate that 58.2 million 
women will be affected by at least one pelvic floor disorder. 

Using estimated surgical rates in national databases and 
population projections from the U.S. Census Bureau from 
2010 to 2050, Wu et al. (2011) project that the total num- 
ber of women who will undergo stress urinary incontinence 
surgery will increase almost 50% from 210,700 in 2010 to 
310,050 in 2050. Similarly, the total number of women who 
will undergo prolapse surgery will increase from 166,000 in 
2010 to 245,970 in 2050. These estimates assume that the 


rates of surgery will remain unchanged. 


Causes and Prevention of Pelvic 
Floor Disorders 


Causes of pelvic floor disorders are multifactorial, and it 
is difficult to understand the relative importance of each 
factor for a specific individual or population. However, it 
is useful to understand the impact of each factor on the 
development of pelvic floor disorders to potentially aid in 
disease prevention. 


Race 


The role of race as a predisposing risk factor for pelvic floor 
disorders remains unclear. Though some studies report that 
white women are at increased risk for stress urinary incon- 
tinence (Thom et al., 2006; Kim et al., 2005; Fenner et al., 
2008; Sze et al., 2002), symptomatic pelvic organ prolapse 
(Rortveit et al., 2007; Hendrix et al., 2002; Whitcomb et al., 
2009), and fecal incontinence (Markland et al., 2010) this is 
not a consistent finding. Thom et al. (2006) specifically eval- 
uated urinary incontinence prevalence among major racial 
and ethnic groups and found that the prevalence of all types 
of incontinence was highest in Hispanic women (36%), fol- 
lowed by white (30%), black (25%), and Asian (19%) women. 
Fenner et al. (2008) also reported that a significantly higher 
proportion of white women reported stress incontinence 
compared to black women (39% versus 25%). However, two 
other studies found no difference in pelvic floor disorders 
among racial/ethnic groups (Nygaard et al., 2008). A large 
epidemiologic study assessing fecal incontinence symptoms 
also found no difference by race (Whitehead et al., 2009). 
Differences in physiologic makeup may predispose some 
racial and ethnic groups to pelvic floor disorders. MRI mea- 
surements of bony architecture and soft tissue show that 
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white women have a wider pelvic inlet, wider outlet, and 
shallower anteroposterior outlet than African American 
women (Handa et al., 2008). When compared to white 
women, African American women also demonstrated a 29% 
higher average urethral closure pressure during a maximum 
pelvic muscle contraction (Howard et al., 2000). 


Age 


There is a significant increase in the prevalence of pelvic 
floor disorders by age, increasing from 9.7% (95% CI, 7.8%- 
11.7%) in women aged 20 to 39 years, to 26.5% (95% CI, 
23.0%-29.9%) in women aged 40 to 59 years, to 36.8% (95% 
CI, 32.0%-41.6%) in women aged 60 to 79 years, to 49.7% 
(95% CI, 40.3%-59.1%) in women aged 80 years or older 
(P < 0.001; Nygaard et al., 2008). For urinary incontinence, 
the prevalence increases from 17% to 32% for women aged 
40 to 59 years versus women over 80 years of age. White- 
head et al. (2009) reported that for anal incontinence, the 
prevalence increases from 2.6% at ages 20 to 30 years to 
15.3% in people aged 70 years or older. 


Familial and Genetic Linkage 


Epidemiologic evidence suggests that family history of pro- 
lapse is a risk factor for disease, and a meta-analysis includ- 
ing eight studies with over one thousand prolapse patients 
showed that women with prolapse are more likely to have 
family members with the same condition when compared 
to controls (Lince et al., 2012). Family based studies have 
shown there is an autosomal dominant inheritance of pelvic 
floor disorders. In addition, candidate gene studies, expres- 
sion studies, and linkage studies have all been suggestive of 
a genetic contribution to pelvic organ prolapse (Allen-Brady 
et al.,.2011). 

Candidate gene studies have focused on collagen and 
elastin biosynthesis, extracellular matrix metabolism, and 
hormone receptors. For example, it is understood that 
collagen is one of the main constituents of the connective 
tissue in the pelvic floor, with type I collagen being well 
organized, and type HI collagen being common in loose 
areolar tissue. In histologic studies, higher levels of type III 
collagen have been found in pelvic floor connective tissue 
for women with pelvic organ prolapse (Norton et al., 1992; 
Moalli et al., 2005). In candidate gene studies, it appears 
that gene expression of the gene that encodes the chains of 
type III collagen may be variable and therefore put women 
at higher risk for pelvic organ prolapse (Chen et al., 2008). 


Childbirth 


Perhaps secondary to increased abdominal pressure and/or 
connective tissue changes, pregnancy itself has been shown 
to be a risk factor for pelvic floor disorders. However, the 
major inciting factor for pelvic floor disorders in parous 
women is likely childbirth. Nygaard et al. (2008) reported 
that the proportion of women reporting at least one pelvic 
floor disorder increased incrementally with parity: 12.8%, 
18.4%, 24.6%, and 32.4% for 0, 1, 2, and 3 or more deliver- 
ies, respectively (P < 0.001). 

To further evaluate the association between pelvic 
floor disorders and mode of delivery, Handa et al. (2012) 


conducted a longitudinal cohort study following women 
for 5 to 10 years from first delivery. When compared with 
cesarean delivery without labor, spontaneous vaginal birth 
was associated with higher odds of stress incontinence (OR 
2.9 (95% CI, 1.5-5.5)) and prolapse at or beyond the hymen 
(OR 5.6 (95% CI, 2.2-14.7)). Operative vaginal deliveries 
and perineal lacerations have also been associated with pel- 
vic floor disorders. Borello-France et al. (2006) reported 
that women with anal sphincter injuries after vaginal deliv- 
ery were twice as likely to report postpartum fecal inconti- 
nence compared to women without sphincter tears. 

Regarding potential mechanisms of injury after vaginal 
delivery, DeLancey et al. (2007) found that women with 
prolapse have more frequent defects in the levator ani mus- 
cles and generate less vaginal closure force during a maximal 
contraction than controls. In a study using four-dimensional 
translabial ultrasound and pelvic exam, it was found that 
women with levator ani avulsion defects had an increased 
risk of stage II or higher pelvic organ prolapse (Dietz et al., 
2008). This association was strongest for cystocele (RR 2.3, 
95% CI, 2.0-2.7) and uterine prolapse (RR 4.0, 95% CI, 
2.5-6.5). 


Constipation 


Constipation and straining associated with constipation has 
been associated with pelvic organ prolapse. Indeed, many 
providers may counsel patients to avoid constipation and 
related straining at stool to reduce the risk of prolapse. 
However, whether the association between constipation 
and prolapse is causal remains unclear. There are variable 
definitions of constipation as well as the use of nonspecific 
definitions for bowel function disorders. In addition, treat- 
ments of prolapse, including rectocele repair and sacral col- 
popexy, have variable results on improving and/or resolving 
constipation and bowel symptoms. 


Obesity 


Increased body mass index (BMI) is a risk factor for pel- 
vic floor disorders. Many studies have shown that obesity 
is a risk factor for urinary incontinence. In addition, sev- 
eral studies have shown that both stress and urge inconti- 
nence improve when patients lose weight through lifestyle 
changes and/or bariatric surgery (Greer et al., 2008; Whit- 
comb et al., 2012). In a clinical trial of women randomized 
to an active weight loss program compared to educational 
materials, weight loss was associated with improvements in 
incontinence episodes among overweight and obese women 
(Subak et al., 2009). 

A cross-sectional study of postmenopausal women who 
enrolled in the WHI Hormone Therapy Clinical Trial found 
an increased risk of prolapse in women with a BMI of 25 
or higher (Hendrix et al., 2002). To further understand the 
longitudinal effects of obesity on prolapse, Kudish et al. 
(2009) performed a secondary analysis of the WHI data to 
evaluate the relationship between change in weight and pro- 
lapse progression/regression in postmenopausal women dur- 
ing a 5-year period. They found being overweight or obese 
was highly associated with the progression of prolapse when 
compared to women with a healthy BMI. However, weight 
loss was not associated with prolapse regression. 
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With regards to anal incontinence, Richter et al. (2005) 
found prevalence rates to be high among morbidly obese 
women compared to the general population. In looking 
at the effect of weight loss surgery on fecal incontinence, 
bariatric surgery in morbidly obese women was associated 
with a decrease in fecal incontinence (solid or liquid stool) 
from 19.4% to 9.1% at 6 months and 8.6% at 12 months 
(P = 0.018; 95% CI, 2.1-19.4%) (Burgio et al., 2007). 


Smoking 


Several studies suggest a positive association between smok- 
ing and urinary incontinence. A large population-based study, 
the Norwegian Epidemiology of Incontinence in the County 
of Nord-Irendelag (EPINCONT) study, investigated the 
association between modifiable lifestyle factors such as smok- 
ing and urinary incontinence. In this study both former and 
current smoking was associated with incontinence, limited to 
those women who smoked 20 cigarettes a day or who had 
a 15-year pack history, suggesting a dose-response relation- 
ship (Hannestad et al., 2003). The EPINCONT study found 
that the effect of smoking on incontinence was reduced after 
adjusting for coughing and dyspnea; however, there was a per- 
sistent effect from smoking not mediated by airway disorders. 


Menopause/Hormone Replacement Therapy 


The female genital tract and the lower urinary tract arise 
from the same embryologic origin and thus are both sensi- 
tive to the effects of sex hormones. Transition to a hypoes- 
trogenic state during menopause leads to changes in the 
vaginal and urethral mucosa. This could theoretically impact 
the development of incontinence. Sherburn et al. (2001) 
reported on a population-based cohort of women who 
experienced menopausal transition and found no associa- 
tion with the development of urinary incontinence. This is 
consistent with other epidemiologic studies that have not 
found an association between the onset of menopause and 
an increase in urinary incontinence. It is possible that the 
effects of a hypoestrogenic state may not be apparent in the 
first few years. In addition, menopause is associated with 
age, making it difficult to separate any independent effects 
of hormonal changes and aging. 

Although systemic vaginal estrogen was in the past often 
promoted as beneficial for lower urinary tract symptoms, 
more recently the role of estrogen has become less clear. 
In the HERS study, exogenous estrogen and progesterone 
were associated with worsening incontinence (39% ver- 
sus 27%, P = 0.001). This was evident by four months of 
treatment and true for both urge and stress incontinence 
symptoms (Grady et al., 2001). Similarly, in the WHI, Hen- 
drix et al. (2005) found that exogenous hormone therapy 
increased the risk of all types of urinary incontinence at 1 
year in women who were continent at baseline. They found 
that the risk was highest for stress incontinence (estrogen 
and progesterone: RR, 1.87 (95% CI, 1.61-2.18); estrogen 
alone: RR, 2.15 (95% CI, 1.77-2.62)), followed by mixed 
incontinence (estrogen and progesterone: RR, 1.49 (95% 
CI, 1.10-2.01); estrogen alone: RR, 1.79 (95% CI, 1.26- 
2.53)). They also found that menopausal hormone therapy 
worsened the severity of incontinence among symptomatic 
women after 1 year. 
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Recently, The Cochrane Incontinence Review Group 
summarized all studies up to June 2012 (Cody et al., 2012). 
They concluded that urinary incontinence may be improved 
with the use of local estrogen treatment, although long- 
term effects are unknown. Conversely, systemic hormone 
replacement therapy using conjugated equine estrogen may 
worsen incontinence. There are too few data to reliably 
address other aspects of estrogen therapy, such as estrogen 
type and dose, and no direct evidence comparing routes 
of administration. The risk of endometrial and breast can- 
cer after long-term use of systemic estrogen suggests that 
treatment should be for limited periods, especially in those 
women with an intact uterus. 


Psychosocial Impact of Pelvic Floor 
Disorders 


Our women's problems have been shoved under the rug 
for so many years. And that's what I did for a long time 
too because I was so embarrassed. 

Anonymous Patient, 2008 


The societal and personal burdens of pelvic floor dis- 
orders and their associated treatments lie in their major 
impact on quality of life and functioning. Pelvic floor dis- 
orders can have a negative impact on a woman’s physical, 
social, emotional, and sexual function. Figure 7.2 is an 
abbreviated framework of effects of urinary incontinence 
on a woman’s life. It is likely that anal incontinence and 
pelvic organ prolapse have similar and overlapping effects. 
These conditions can interfere with both participation and 
satisfaction with physical and social activities. Women 
may restrict or completely eliminate activities outside of 
the home. At the most severe end, women may become 
increasingly isolated and homebound. Many studies also 
have documented the association between incontinence 
and depressive symptoms. 

For physical function and activities, many women may 
still do the activities, particularly those associated with 
responsibility. However, they may limit their extent of par- 
ticipation (for example, they may not exercise or participate 
as long as they would like). Studies have shown that inconti- 
nence is a barrier to physical activities (Nygaard et al., 2005) 
and that treatment is associated with improvements in both 
physical functioning and physical activity levels (Sung et al., 
2012). 

In addition to restricting their activities, many women 
develop coping and adaptive methods to minimize the 
impact of these conditions (Wren et al., 2006). This may 
include extensive preparation prior to certain activities (for 
example, voiding multiple times, wearing protection and 
extra clothes prior to exercise) or other dietary and behav- 
ioral changes (for example, restricting fluid intake prior to 
certain activities). 

Sexual function is also negatively impacted by these con- 
ditions. Incontinence and prolapse may be a direct cause 
of sexual dysfunction due to physical discomfort, or these 
conditions may cause embarrassment leading to avoidance 
of intimacy and sexual relations. Treatment has been associ- 
ated with improvements in sexual function, but not all stud- 
ies demonstrate significant improvement. 
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FIGURE 7.2 Conceptual framework for impact of incontinence on a woman’s life. (Adapted from Sung VW, Rogers R, Williams DA, Clark MA. 
Content validation of the Patient Reported Outcomes Measurements Information System (PROMIS) framework in women with urinary incontinence. 
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In elderly women, these disorders, particularly urinary 
or anal incontinence, may lead to such disability and depen- 
dency that caregivers are no longer able to provide the nec- 
essary care. Therefore, incontinence is a major factor leading 
to the institutionalization of elderly patients. 

Ultimately, how pelvic floor disorders impact a woman's 
life depends on multiple factors including the severity of 
symptoms, the individual’s coping mechanisms, and a host 
of external mediators. However, it is clear that these condi- 
tions can have far-reaching effects on a woman’s functioning 
and quality of life. 
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Classification Systems of Lower Urinary 
Tract Dysfunction 


The purpose of any classification system is to facilitate 
understanding of the etiology and pathophysiology of dis- 
ease, to help establish and standardize treatment and 
research guidelines, and to avoid confusion among those 
who are concerned with the problem. A number of clas- 
sification systems for voiding disorders and stress urinary 
incontinence have been developed. These classifications 
have been based on various symptoms, as well as anatomic, 
radiographic, and urodynamic findings. The advantages, 
disadvantages, and applicability of the various classification 
systems of voiding dysfunction were described by Wein and 
Barrett (1988). This chapter reviews two practical systems 
for the classification of voiding dysfunction in women. In 
addition, the differential diagnosis of urinary incontinence 
in women is discussed utilizing updated terminology from 
the International Continence Society (ICS). Last, the ICS 
classification system of vaginal prostheses and graft com- 
plications is presented. It is hoped that the nomenclature 
used in these classification systems will become more 
widely understood and used and that further research will 
be aimed at defining their clinical applicability. 


International Continence Society 
Classification 


In 1973, the ICS established a committee for the stan- 
dardization of terminology of lower urinary tract function. 
Five of the first six reports from this committee were pub- 
lished. These reports were revised, extended, and collated 
in a monograph published in 1988 (see Appendix A). The 
definitions were updated and revised by the Standardiza- 
tion Subcommittee of the ICS in 2002 and again in 2010 
(see Appendix B). Each report highlights the importance of 
basing diagnoses for pelvic floor disorders on the correlation 
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between a woman’s symptoms, signs, and relevant diagnos- 
tic investigations. For example, stress urinary incontinence is 
the complaint of involuntary loss of urine with increases in 
intra-abdominal pressures from physical exertion, laughing, 
sneezing, and coughing, whereas urodynamic stress incon- 
tinence is a diagnosis by symptoms, signs, and urodynamic 
testing and involves the finding of involuntary leakage with 
increases in intra-abdominal pressure during filling cystom- 
etry in the absence of detrusor contractions. One must 
understand these subtle differences in the definitions of 
incontinence when diagnosing and classifying patients. The 
following is a summary of the ICS Committee’s most recent 
findings. 

The lower urinary tract is composed of the bladder and 
urethra, which work together as a functional unit to promote 
storage and emptying of urine. Symptoms, signs, urodynamic 
observations, and conditions are separate categories with 
unique but overlapping terminologies. Although a complete 
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l. Storage phase 
A. Bladder function during storage 
1. Detrusor activity 
a. Normal 
b. Overactive 
2. Bladder sensation 
. Normal 
. Increased (oversensitivity) 
. Reduced 
Absent 
. Nonspecific bladder sensations 
. Bladder pain 
g. Urgency 
3. Bladder capacity 
4. Bladder compliance 
B. Urethral function during storage 
1. Normal 
2. Incompetent 
3. Urethral relaxation (instability) 
Il. Voiding phase 
A. Detrusor function during voiding 
1. Normal 
2. Abnormal 
a. Underactive 
b. Acontractile 
B. Urethral function during voiding 
1. Normal 
2. Abnormal 
a. Bladder outlet obstruction 
b. Dysfunctional voiding 
c. Detrusor sphincter dyssynergia 


manov 


urodynamic investigation is not necessary for all symptom- 
atic patients, some clinical or urodynamic assessment of the 
filling and voiding phases is essential for each patient. It is 
useful to examine bladder and urethral activity separately 
in each phase. If urodynamic studies are performed, results 
should clearly reflect the patient’s signs and symptoms. 


Filling and Storage Phase 


The ICS classification of abnormalities of the storage and 
voiding phases is outlined in Box 8.1 and diagrammed in 
Figure 8.1. Cystometry measures the pressure-volume 
relationship of the bladder during filling and storage and 
assesses bladder function in terms of bladder sensation, 
detrusor activity, bladder capacity, and bladder compliance. 
Detrusor activity may be normal or overactive. Overactive 
detrusor function is characterized by involuntary detrusor con- 
tractions during filling. They may be spontaneous or provoked 
and cannot be suppressed completely. Overactive detrusor 
function in the absence of a known neurologic abnormality 
is called idiopathic detrusor overactivity, overactivity caused 
by disturbance of the nervous system control mechanisms 
is called neurogenic detrusor overactivity. These conditions 
often are associated with the symptom of urinary urgency. 
Urgency, with or without urge incontinence, usually with fre- 
quency and nocturia in the absence of urinary tract infection 
or obvious pathology, is described as the overactive bladder 
syndrome, urge syndrome, or urgency-frequency syndrome. 


Abnormalities of storage and voiding phases 


S| Storage phase Voiding phase 


Bladder 


Normal Detrusor relaxation Detrusor contraction 


Abnormal | Detrusor overactivity Detrusor underactivity 


or acontractility 


Urethra 
Normal 


Urethral sphincter 
contraction 


Urethral sphincter 
relaxation 


Abnormal | Sphincter incompetence | Urethral obstruction, 
(SUI or ISD) dysfunctional voiding, 
detrusor sphincter 


dyssynergia 


FIGURE 8.1 Abnormalities of storage and voiding phases. SUI, stress 
urinary incontinence; ISD, intrinsic sphincter deficiency. 


Urethral function during storage can be assessed clini- 
cally (direct observation of urine loss with cough or Valsalva 
maneuver), urodynamically (urethral closure pressure pro- 
filometry and leak point pressure measurements), or radio- 
graphically (cystourethrography with or without video). The 
urethral closure mechanism may be competent or incom- 
petent. An incompetent urethral closure mechanism is one 
that allows leakage of urine during activities that may raise 
intra-abdominal pressures in the absence of a detrusor con- 
traction. Involuntary leakage during filling cystometry may 
occur during increased abdominal pressure, in the absence 
of a detrusor contraction (urodynamic stress incontinence), 
or as a result of urethral relaxation in the presence of raised 
abdominal pressure or detrusor overactivity (urethral relax- 
ation incontinence). The definition and significance of the 
latter condition await additional data. 

Urinary incontinence is the complaint of any involun- 
tary (urethral or extraurethral) leakage of urine. Urinary 
incontinence is a symptom, a sign, and a condition. Urinary 
incontinence as a symptom means that the patient states she 
has involuntary urine loss. Types of incontinence symptoms 
include stress incontinence, urgency incontinence, mixed 
incontinence, nocturnal enuresis, situational incontinence, 
and continuous incontinence. In each specific circumstance, 
urinary incontinence should be described further by speci- 
fying relevant factors, such as type, frequency, severity, 
precipitating factors, social impact, effect on hygiene and 
quality of life, the measures used to contain leakage, and 
whether or not the individual seeks or desires help because 
of urinary incontinence. The sign of stress incontinence 
denotes the observation of urine loss from the external ure- 
thral meatus synchronously with physical exertion such as a 
cough or Valsalva maneuver. Because symptoms and signs of 
urinary incontinence can be misleading, accurate diagnosis 
often requires urodynamic investigation in addition to care- 
ful history and physical examination. 


Voiding Phase 


During the voiding phase, the detrusor muscle may be nor- 
mal, underactive, or acontractile. Normal voiding usually is 
achieved by an initial voluntary reduction in intraurethral 
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pressure (urethral relaxation) followed by a continuous 
detrusor contraction that leads to complete bladder empty- 
ing within a normal time span and in the absence of obstruc- 
tion. Detrusor underactivity during micturition implies that 
the detrusor contraction is of inadequate strength or dura- 
tion to effect bladder emptying within a normal time span. 
An acontractile detrusor is one that cannot be demonstrated 
to contract during urodynamic studies, resulting in incom- 
plete bladder emptying. 

During voiding, urethral function may be normal or 
abnormal. Abnormal urethral function may be due to either 
uncoordinated or involuntary urethral contractions, urethral 
stricture, or obstruction from an anatomic abnormality, 
such as severe pelvic organ prolapse or changes after a stress 
incontinence procedure. 

Simultaneous measurement of intravesical or detrusor 
pressure and urine flow is necessary to determine whether 
the patient’s voiding is obstructed. In general, high detrusor 
pressures with low flow rates suggest an obstructive prob- 
lem, whereas low detrusor pressures with low flow rates 
imply that the problem is one of detrusor underactivity 
or acontractility. Simultaneous external urethral sphincter 
electromyography is necessary to determine whether an 
obstructive voiding pattern is secondary to urethral overac- 
tivity or mechanical obstruction. 


Functional Classification 


Wein (1981) classified voiding dysfunction on a func- 
tional basis, describing the dysfunction simply in terms 
of whether the deficit is primarily one of the bladder 
(detrusor) or bladder outlet (sphincter) during the filling 
and storage phase or the voiding and emptying phase. The 
expanded functional classification, with relevant symp- 
toms and pathophysiology as suggested by Staskin and 
Wein (2010), is shown in Box 8.2. This classification sys- 
tem takes into account pelvic floor activity in addition to 
bladder and sphincter function. Classification of neurologic 
voiding dysfunction also has been adapted into a functional 
classification system by Staskin and Wein (2010) and is 
useful for the diagnosis and management of patients with 
primary neurologic disorders. 

A reasonably accurate urodynamic description is required 
for proper use of a functional system for a given voiding 
problem, but an exact diagnosis is not required for treat- 
ment. Several deficits can be present in the same patient, 
and all of them must be recognized to properly use this clas- 
sification system. 


Differential Diagnosis of Urinary 
Incontinence 


Among women complaining of urinary incontinence, the 
differential diagnosis includes genitourinary and nongenito- 
urinary conditions (Box 8.3). As mentioned, genitourinary 
disorders include problems of bladder filling and storage, as 
well as extraurethral disorders such as fistula and congenital 
abnormalities. Nongenitourinary conditions that cause uri- 
nary incontinence generally are functional conditions that 
occur simultaneously with normal or abnormal urethral and 
bladder function. These conditions are most common in 
elderly women. 


OUTLET DYSFUNCTION 


UNDERACTIVE OUTLET (REDUCED URETHRAL RESISTANCE) 


Stress urinary incontinence* 

Anatomic support defects 

Intrinsic sphincter deficiency (ISD) 

Combination of anatomic support defects and ISD 
Pelvic floor underactivity (failure to inhibit the detrusor) 


OVERACTIVE OUTLET (INCREASED URETHRAL RESISTANCE) 


Frequency-urgency, urinary retention, and overflow 
incontinence* 
Anatomic obstruction 
Surgical 
Congenital 
Inflammatory 
Neoplastic 
Traumatic 
Functional obstruction 
Failure of urethra to relax 
Neurogenic—detrusor-sphincter dyssynergia 
Behavioral 
Combination of anatomic and functional obstruction 
Pelvic floor overactivity 


BLADDER DYSFUNCTION 
DETRUSOR OVERACTIVITY 


Urge-frequency, urgency urinary incontinence* 
Involuntary detrusor contractions 

Idiopathic 

Neurogenic—detrusor-sphincter dyssynergia 
Decreased bladder compliance 

Fibrosis 

Inflammatory 

Immune response 

Neurogenic 
Combination of involuntary detrusor contractions and decreased 

bladder compliance 


UNDERACTIVE DETRUSOR 


Urinary retention* 
Peripheral neuropathy 
Congenital 
Trauma 
Neoplastic 
Diabetes 
Metabolic 
Detrusor myopathy 
Fibrosis 
Inflammatory 
Obstruction 
Pharmacologic 
Antimuscarinics 
Muscle relaxants 
Pelvic floor overactivity 


Modified from Staskin DR, Wein AJ. Classification of lower urinary tract dysfunc- 
tion in the female patient. In: Cardozo L, Staskin DR, eds. Textbook of Female 
Urology and Urogynecology. 3rd ed. London: Informa Healthcare; 2010. 

*Presenting symptoms 


The most common urine storage disorder in women is 
urodynamic stress incontinence. Bladder filling disorders 
caused by overactive detrusor function resulting in urgency 
urinary incontinence are the second most common cause of 
urinary incontinence. Underactive or acontractile detrusor 
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GENITOURINARY ETIOLOGY 


FILLING/STORAGE DISORDERS 
Urodynamic stress incontinence 
Detrusor overactivity (idiopathic) 
Detrusor overactivity (neurogenic) 
Mixed types 


FISTULA 
Vesical 

Ureteral 
Urethral 


CONGENITAL 
Ectopic ureter 
Epispadias 
NONGENITOURINARY ETIOLOGY 
Functional 
Neurologic 
Cognitive 
Psychologic 
Physical impairment 
Environmental 
Pharmacologic 
Metabolic 


function may result in voiding dysfunction or urinary incon- 
tinence. The ICS no longer recommends the term “overflow 
incontinence,” but, if it is used, a precise definition and any 
associated pathophysiology, such as reduced urethral func- 
tion, or detrusor overactivity and low bladder compliance, 
should be stated. Voiding disorders with incontinence in 
women usually are associated with diabetes, neurologic dis- 
eases, severe genital prolapse, or postsurgical obstruction. 
Functional incontinence is associated with cognitive, psy- 
chologic, or physical impairments that make it difficult to 
reach the toilet or interfere with appropriate toileting. With 
these conditions, continent women may not have enough time 
to avoid an accident. Functional causes also may act synergisti- 
cally with other urinary problems. For example, women with 
manageable detrusor overactivity may become incontinent if 
another disease or physical problem keeps them from reaching 
the toilet. Physical conditions that may cause functional incon- 
tinence include joint abnormalities, arthritic pain, or muscu- 
lar weakness. An unfamiliar setting, lack of convenient toilet 
facilities, or other environmental factors can aggravate this 
condition. Dementia, psychologic difficulties, and repressed 
or hostile behavior may be related to incontinence, especially 
in the institutionalized elderly. Finally, iatrogenic factors, such 
as pharmacotherapy, can cause or aggravate incontinence. 
The relative likelihood of each condition causing inconti- 
nence varies with the age and health of the individual (Fig. 
8.2). Among ambulatory incontinent women, the most com- 
mon condition is urodynamic stress incontinence, which 
represents 50% to 70% of cases. Detrusor abnormalities and 
mixed forms (usually stress incontinence and detrusor overac- 
tivity) account for 20% to 40% of incontinence cases. Among 
elderly, noninstitutionalized incontinent women evaluated in 
referral centers, urodynamic stress incontinence is found less 
often (30% to 46%), and detrusor abnormalities and mixed 
disorders are more common than in younger ambulatory 


O Stress O Detrusor overactivity 
incontinence and other 
100 
© 80 
55 
2ž 60 
SE 
O 
SE 40 
à € 
[e] 
[2] 
£ 20 
0 
Healthy Ambulatory _ Institutionalized 


adult elderly elderly 


FIGURE 8.2 Estimated likelihood of conditions causing incontinence 
in women in various age categories. 


women, occurring in 30% to 60% of cases. In a urodynamic 
study of elderly community-dwelling women with inconti- 
nence, however, Diokno et al. (1988) reported a prevalence 
of detrusor abnormalities of only 12%, probably reflecting a 
healthier group of women. Institutionalized elderly women 
who are incontinent have detrusor overactivity (with or with- 
out impaired bladder contractility) in 38% to 60% of cases and 
urodynamic stress incontinence in only 16% to 21% of cases. 


Description and Staging of Pelvic 
Organ Prolapse 


Pelvic organ prolapse refers to descent of one or more of the 
anterior vaginal wall, posterior vaginal wall, the uterus (cer- 
vix), or the apex of the vagina (cuff scar after hysterectomy). 
As with voiding dysfunction, a systematic description and 
classification of pelvic organ prolapse are useful to document 
and communicate the severity of the problem, establish 
treatment guidelines, and improve the quality of research by 
standardizing definitions. Two general classification systems 
are in use, although it is recommended that the ICS termi- 
nology be used routinely by clinicians and researchers. 

For many years, the severity of pelvic organ prolapse has 
been described using criteria modified from Beecham (1980) 
and Baden et al. (1968). This grading system is simple to 
use; it is widely understood among gynecologic surgeons and 
has been found to have reasonable interobserver variability 
for all segments of the vagina and for uterine support. The 
most dependent position of the pelvic organs during maxi- 
mum straining or standing is used and graded as normal, or 
first, second, and third degree. First-degree prolapse is used 
for vaginal segments that descend halfway (but not to) the 
hymen; second-degree prolapse is used for descent to the 
hymen; and third-degree prolapse is used for descent beyond 
the hymen. Classification of posterior vaginal wall prolapse 
can be aided by performing a rectovaginal examination. 

In 1996, Bump et al. described the ICS standardization 
of terminology of female pelvic organ prolapse, with the 
most recent ICS revision published in 2010. The Pelvic 
Organ Prolapse Quantification (POPQ) system is applied 
during physical examination of the external genitalia and 
vaginal canal and describes the topographic positions of 
six vaginal sites. It has been used among clinicians and 
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researchers as a standard method of describing degree of 
prolapse severity. Segments of the lower reproductive tract 
replace the terms cystocele, enterocele, rectocele, and ure- 
throvesical junction because these terms imply an unreal- 
istic certainty as to the structures on the other side of the 
vaginal bulge, particularly in women who have had previ- 
ous prolapse surgery. Because most gynecologists continue 
to use these terms to describe pelvic organ prolapse, they 
remain incorporated in the ICS system. With the bladder 
empty, the examiner sees and describes the maximum pro- 
trusion noted by the patient during her daily activities. The 
hymen remains the fixed point of reference for prolapse 
description. The details of the examination, including cri- 
teria for the endpoint of the examination and full devel- 
opment of the prolapse, should be specified. Suggested 
criteria for demonstration of maximum prolapse include 
one or all of the following: protrusion of the vaginal wall 
becomes tight during straining by the patient; traction on 
the prolapse causes no further descent; the subject con- 
firms that the size of the prolapse and the extent of the 
protrusion seen by the examiner are as extensive as the 
most severe protrusion she has had (a small handheld mir- 
ror to visualize the protrusion may be helpful); and a stand- 
ing or straining examination confirms that the full extent 
of the prolapse was observed in the other positions used. 
Details about the patient position, types of vaginal specula 
or retractors, the type and intensity of straining used to 
develop the prolapse maximally, and the fullness of the 
bladder should be reported. 

The POPQ system is a series of site-specific measure- 
ments of the woman’s pelvic organ support. It can be 
learned easily and taught by means of a video tutorial. Pro- 
lapse in each segment is evaluated and measured relative 
to the hymen (not introitus), which is a fixed anatomic 
landmark that can be identified consistently and precisely. 
The anatomic position of the six defined points for mea- 
surement should be centimeters above or proximal to the 
hymen (negative number) or centimeters below or distal to 
the hymen (positive number), with the plane of the hymen 
being defined as zero. For example, a cervix that protrudes 
3 cm distal to the hymen should be described as +3 cm. 

Six points (two on the anterior vaginal wall, two in the 
superior vagina, and two on the posterior vaginal wall) are 
located with reference to the plane of the hymen (Fig. 8.3). 
Descent of the anterior vaginal wall is most commonly a 
result of bladder prolapse (cystocele), whereas higher stage 
anterior wall prolapse may be a result of uterine or vaginal 
vault descent or an anterior enterocele in patients with prior 
prolapse surgery. Although the terms cystocele and enterocele 
continue to be used by most gynecologists, anterior vaginal 
wall prolapse remains the preferred terminology. There are 
two anterior sites: 

Point Aa: A point located in the midline of the anterior 
vaginal wall 3 cm proximal to the external urethral 
meatus, corresponding to the proximal location of the 
urethrovesical crease. By definition, the range of posi- 
tion of point Aa relative to the hymen is —3 to +3 cm. 

Point Ba: A point that represents the most distal (i.e., 
most dependent) position of any part of the upper 
anterior vaginal wall from the vaginal cuff or anterior 
vaginal fornix to point Aa. By definition, point Ba is 
at —3 cm in the absence of prolapse and would have 


FIGURE 8.3 Six sites (points Aa, Ba, C, D, Bp, and Ap), genital hiatus 
(gh), perineal body (pb), and total vaginal length (tvl) used for pelvic 
organ support quantitation. 


a positive value equal to the position of the cuff in 
women with total posthysterectomy vaginal eversion. 

Two points are on the superior vagina. These points rep- 
resent the most proximal locations of the normally posi- 
tioned lower reproductive tract and describe uterine or 
cervical and vaginal vault (cuff scar) prolapse. 

Point C: A point that represents either the most distal 
(i.e., most dependent) edge of the cervix or the lead- 
ing edge of the vaginal cuff (hysterectomy scar) after 
total hysterectomy. 

Point D: A point that represents the location of the posterior 
fornix in a woman who still has a cervix. It represents a 
level of uterosacral ligament attachment to the proximal 
posterior cervix. It is included as a point of measurement 
to differentiate suspensory failure of the uterosacral car- 
dinal ligament complex from cervical elongation. Point 
D is omitted in the absence of the cervix. 

Two points are located on the posterior vaginal wall. Pos- 
terior vaginal wall descent often is due to rectal protrusion 
into the vagina (rectocele) with higher stage prolapse usu- 
ally involving prolapse of the vaginal vault or an enterocele. 
Analogous to anterior prolapse, posterior prolapse should be 
discussed in terms of segments of the vaginal wall rather than 
the organs that lie behind it. Thus, the term posterior vaginal 
wall prolapse is preferable to rectocele or enterocele unless the 
organs involved are identified by ancillary tests. If small bowel 
appears to be present in the rectovaginal space, the examiner 
should comment on this fact and clearly describe the basis 
for this clinical impression (e.g., by observation of peristaltic 
activity in the distended posterior vagina or palpation of loops 
of small bowel between an examining finger in the rectum 
and one in the vagina). In such cases, a “pulsion” addendum 
to the point Bp position may be noted (e.g., Bp equals +5 
[pulsion]; see following text for further discussion). 

Point Ap: A point located in the midline of the posterior 
vaginal wall 3 cm proximal to the hymen. By defini- 
tion, the range of position point Ap relative to the 
hymen is —3 to +3 cm. 

Point Bp: A point that represents the most distal (i.e., 
most dependent) position of any part of the upper 
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posterior vaginal wall from the vaginal cuff or poste- 
rior vaginal fornix to point Ap. By definition, point Bp 
is at —3 cm in the absence of prolapse and would have 
a positive value equal to the position of the cuff in a 
woman with total posthysterectomy vaginal eversion. 

Other landmarks include the genital hiatus, which is 
measured from the middle of the external urethral meatus 
to the posterior midline hymen. The perineal body is mea- 
sured from the posterior margin of the genital hiatus to the 
midanal opening. The total vaginal length is the greatest 
depth of the vagina in centimeters when point C or D is 
reduced to its full normal position. The points and measure- 
ments are presented in Figure 8.3. 

The positions of points Aa, Ba, Ap, Bp, C, and (if appli- 
cable) D with reference to the hymen are measured and 
recorded. Positions are expressed as centimeters above or 
proximal to the hymen (negative number) or centimeters 
below or distal to the hymen (positive number), with the 
plane of the hymen defined as 0. Measurements may be 
recorded as a simple line of numbers (e.g., —3, —3, —7, —9, 


Cervix or 
cuff 


Anterior 
wall 


Ba 


Anterior 
wall 


Aa C 


Genital Perineal Total vaginal 
hiatus body length 
gh pb tvl 
Posterior Posterior Posterior 
wall wall fornix 


Ap Bp D 


FIGURE 8.4 Three-by-three grid for recording quantitative descrip- 
tion of pelvic organ support. (From Bump RC, Mattiasson A, Bo K, et al. 
The standardization of terminology of female pelvic organ prolapse and 
pelvic floor dysfunction. Am | Obstet Gynecol. 1996;175:10.) 


Aa 


Ba 


—3, —3, 9, 2, 2 for points Aa, Ba, C, D, Bp, Ap, total vagi- 
nal length, genital hiatus, and perineal body, respectively). 
Alternatively, a 3 x 3 grid can be used to concisely organize 
the measurements, as shown in Figure 8.4, or a line dia- 
gram of a configuration can be drawn, as shown in Figures 
8.5 and 8.6. Figure 8.5 is a grid and line diagram contrast- 
ing measurements that indicate normal support to those of 
posthysterectomy vaginal eversion. Figure 8.6 is a grid and 
line diagram representing predominant anterior and poste- 
rior vaginal wall prolapse with partial vault descent. 

The profile for quantifying prolapse provides a precise 
description of anatomy for individual patients. An ordinal 
staging system of pelvic organ prolapse is suggested using 
these measurements and can be useful for the description 
of populations and for research comparisons. Stages are 
assigned according to the most severe portion of the pro- 
lapse when the full extent of the protrusion has been dem- 
onstrated. For a stage to be assigned to an individual subject, 
it is essential that her quantitative description be completed 
first. The five stages of pelvic organ support (0-IV) are 
described in Box 8.4. 

Ancillary techniques for describing pelvic organ prolapse 
include performance of a digital rectal examination while 
the patient is straining; digital assessment of the contents of 
the rectovaginal septum during examination to differentiate 
between a “traction” enterocele (the posterior cul-de-sac 
is pulled down by the prolapsing cervix or vaginal cuff but 
is not distended by intestines) and a “pulsion” enterocele 
(the intestinal contents of the enterocele distend the rectal- 
vaginal septum and produce a protruding mass); cotton 
swab testing for the measurement of urethral axis mobility 
(Q-Tip® test); measurement of perineal descent; measure- 
ment of the transverse diameter of the genital hiatus or of 
the protruding prolapse; measurement of vaginal volume; 
description and measurement of rectal prolapse; and exami- 
nation techniques differentiating between various types 
of defects (e.g., central versus paravaginal defects of the 
anterior vaginal wall). Cystoscopy and imaging can be use- 
ful in describing pelvic organ prolapse. Imaging procedures 
include ultrasonography, contrast radiography, computed 


FIGURE 8.5 A, Grid and line diagram of com- 
plete eversion of vagina. Most distal point of 
anterior wall (point Ba), vaginal cuff scar (point 
C), and most distal point of the posterior wall 
(point Bp) are all at same position (+8) and 
D points Aa and Ap are maximally distal (both 
at +3). Because total vaginal length equals 
maximum protrusion, this is stage IV prolapse. 
B, Normal support. Points Aa and Ba and points 
Ap and Bp are all -3 because there is no anterior 
or posterior wall descent. Lowest point of the 
cervix is 8 cm above hymen (-8) and posterior 


fornix is 2 cm above this (-10). Vaginal length 
is 10 cm, and genital hiatus and perineal body 
measure 2 and 3 cm, respectively. This repre- 
sents stage 0 support. (From Bump RC, Mattiasson 


1 0” A, Bo K, et al. The standardization of terminology 


of female pelvic organ prolapse and pelvic floor 
dysfunction. Am | Obstet Gynecol. 1996;175:10.) 
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tomography, and magnetic resonance imaging. Intraopera- 
tive evaluation of pelvic support defects is not standard of 
care and is not recommended. 

Precise characterization of pelvic floor muscle strength 
and the description of functional symptoms are important. 
The reader is referred to the ICS committee document for 


further details (Haylen et al., 2010). 


Classification System of Complications 
Related to Insertion of Vaginal 
Prostheses and Grafts 


The use of synthetic mesh for treatment of pelvic organ 
prolapse has been shown to reduce objective and subjective 
recurrence when compared with native tissue repairs; how- 
ever, a higher risk of complications is associated with the use 
of mesh. In July 2011, the U.S. Food and Drug Administra- 
tion issued an update on the original 2008 public health noti- 
fication that identified surgical mesh for transvaginal repair 
of pelvic organ prolapse as an “area of continuing serious 
concern.” Both the American Congress of Obstetricians and 
Gynecologists (ACOG) and the American Urogynecologic 
Society (AUGS) have recognized the importance of these 
concerns and have emphasized the need for a thorough dis- 


No prolapse is demonstrated. Points Aa, Ap, Ba, 
and Bp are all at -3 cm and either point C or D is 
between -tvl (total vaginal length) cm and —(tvl - 
2) cm (i.e., the quantitation value for point C or D 
is < -(tvl — 2) cm). Figure 8.58 represents stage 0. 

The criteria for stage 0 are not met, but the most 
distal portion of the prolapse is > 1 cm above the 
level of the hymen (i.e. its quantitation value is 
<-1 cm). 

The most distal portion of the prolapse is < 1 cm 
proximal to or distal to the plane of the hymen 
(i.e., its quantitation value is > —-1 cm but < +1 cm). 

The most distal portion of the prolapse is > 1 cm 
below the plane of the hymen but protrudes 
no further than 2 cm less than the total vaginal 
length in centimeters (i.e. its quantitation value 
is > +1 cm but < +(tvl — 2) cm). Figure 8.6A, 
represents stage IIl Ba and Fig. 8.6B, represents 
stage Ill Bp prolapse. 

Essentially, complete eversion of the total length 
of the lower genital tract is demonstrated. The 
distal portion of the prolapse protrudes to at least 
(tvl — 2) cm (i.e., its quantitation value is > +(tvl 
— 2) cm). In most instances, the leading edge of 
stage IV prolapse is the cervix or vaginal cuff scar. 


Stage | 


Stage Il 


Stage Ill 


Stage IV 


cussion of potential risks before consenting patients for pro- Figure 8.5A, represents stage IV C prolapse. 


cedures involving the placement of transvaginal mesh. With 
the ongoing use of mesh in pelvic reconstructive surgery, the 
number of patients seeking care for mesh-related complica- 
tions has increased. Common complications include mesh 
erosion, chronic pelvic pain, dyspareunia, infection, intraop- 
erative bladder perforations, infection, and fistula formation. 


From Bump RC, Mattiasson A, Bo K, et al. The standardization of terminology 
of female pelvic organ prolapse and pelvic floor dysfunction. Am | Obstet 
Gynecol. 1996;175:10. 
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FIGURE 8.6 A, Grid and line diagram of predominant anterior support defect. Leading point of prolapse is upper anterior vaginal wall, point 
Ba (+6). There is significant elongation of bulging anterior wall. Point Aa is maximally distal (+3) and vaginal cuff scar is 2 cm above hymen 
(C = -2). Cuff scar has undergone 4 cm of descent because it would be at —6 (total vaginal length) if it were perfectly supported. In this 
example, total vaginal length is not maximum depth of vagina with elongated anterior vaginal wall maximally reduced but rather depth of 
vagina at cuff with point C reduced to its normal full extent, as specified in text. This represents stage III Ba prolapse. B, Predominant posterior 
support defect. Leading point of prolapse is upper posterior vaginal wall, point Bp (+5). Point Ap is 2 cm distal to hymen (+2) and vaginal cuff 
scar is 6 cm above hymen (-6). Cuff has undergone only 2 cm of descent because it would be at -8 (total vaginal length) if it were perfectly 
supported. This represents stage III Bp prolapse. (From Bump RC, Mattiasson A, Bo K, et al. The standardization of terminology of female pelvic 
organ prolapse and pelvic floor dysfunction. Am | Obstet Gynecol. 1996;175:10.) 


In response to this, an International Urogynecological Asso- 
ciation (I'UGA)/ICS joint report on the terminology and classi- 
fication of complications arising from the insertion of prostheses 
and grafts in female pelvic floor surgery was published by Hay- 
len et al. (2011). The complete classification system is included 
in Appendix D. There are three components to the classifica- 
tion system- category, time, and site and each complication 
is reported using these three identifiers. Each complication is 
placed in a category “C”, which is composed of a class and divi- 
sion. Each class is based on site and extent of the complica- 
tion at that site: (1), vaginal without epithelial separation; (2), 
vaginal exposure less than or equal to 1 cm in size; (3), vaginal 
exposure or extrusion greater than or equal to 1 cm in size; (4), 
urinary tract; (5), rectal or bowel; (6), skin or musculoskeletal; 
(7), patient compromise. Each class is then further divided 
(A, asymptomatic; B, symptomatic; C, infection; D, abscess). 
A subclassification of each category also exists to describe the 
presence of pain as a result of the complication (a, no pain; b, 
provoked pain during examination; c, pain during intercourse; 
d, pain during physical activities; e, spontaneous pain). Time 
“T” is reported as the time that the complication is clinically 
diagnosed and incorporates four possible time periods (1, intra- 
operative; 2, 48 h to 2 months; 3, 2 months to 12 months; 4, 
>12 months). Site “S” describes where the prostheses or graft 
complication is noted (1, vaginal area of suture line; 2, vaginal 
away from area of suture line; 3, nonintrabdominal trocar pas- 
sage; 4, other skin or musculoskeletal; 5, intrabdominal). 

A complete classification code for any complication 
includes all three components. An example of a complete 
code is the following: 2Bc/T3/S2, suggesting that the compli- 
cation is a vaginal mesh exposure less than or equal to 1 cm in 
size, which the patient is symptomatic from, with pain during 
intercourse, diagnosed between 2 and 12 months from the 
index surgery, and found in the vagina away from the area of 
the suture line. Multiple as well as early and late complica- 
tions are reported separately. If there is progression of any 
complication over time, the highest and final category is used. 

The IUGA/ICS classification system for vaginal prosthe- 
ses and graft complications is much more comprehensive and 
specific than any other surgical complication classification 
system currently in use. The classification system has been 
criticized for being too complex, however, with categories 
that are too broad with unclear definitions, leading to poor 
inter-rater reliability among providers. Additionally, the clas- 
sification system does not lend to gradation of severity of a 
complication, which some critics assert is important when 
choosing a management plan for treatment and when relay- 
ing information about a disease process. The classification 
system currently is not used in the same routine fashion as 
the systems that are currently in place for pelvic organ pro- 
lapse and urinary incontinence. However, with the rate of 
patients seeking care for mesh-related complications on the 
rise, it is likely that this classification system will continue to 
evolve until it is easy to use with good interobserver reliabil- 
ity so that it may one day become part of routine practice. 
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Urinary incontinence can be a symptom of which patients 
complain, a sign demonstrated on examination, or a con- 
dition (i.e., diagnosis) that can be confirmed by definitive 
studies. When a woman complains of urinary incontinence, 
appropriate evaluation includes exploring the nature of her 
symptoms and looking for physical findings. The history and 
physical examination are the first and most important steps 
in the evaluation. A preliminary diagnosis can be made with 
simple office and laboratory tests, with initial therapy based 
on these findings. If complex conditions are present, if the 
patient does not improve after initial therapy, or if surgery is 
being considered, definitive, specialized studies are usually 
necessary. 

Pelvic organ prolapse (POP) is a heterogeneous condi- 
tion in which weaknesses of the pelvic floor musculature 
and connective tissue result in descent or bulging of pelvic 
organs into the vaginal canal. In more severe cases, prolapse 
can protrude through the vaginal introitus and beyond the 
hymenal ring. In anterior vaginal wall prolapse, the bladder 
and urethra may potentially protrude into the vaginal canal 
(cystocele). Patients may have uterine prolapse or, after 
hysterectomy, the vaginal cuff may herniate resulting in api- 
cal vaginal prolapse. The rectum, small bowel, and sigmoid 
colon also may herniate in posterior vaginal wall prolapse, 
resulting in rectoceles, enteroceles, and sigmoidoceles, 
respectively. That said, terminologies such as “cystocele” 
and “rectocele,” although commonly used in clinical prac- 
tice, are perhaps less precise because they imply an unrealis- 
tic certainty as to the specific organs behind the vaginal wall 
at the time of physical examination. 

Definitions of prolapse as a clinical condition or disease 
are based on measured severity or staging by Pelvic Organ 
Prolapse Quantification (POPQ; see Chapter 8) examina- 
tion and by assessment of relevant symptoms. Although 
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most clinicians can recognize the extremes of normal sup- 
port versus severe prolapse, most cannot objectively state 
at what point vaginal laxity become pathologic and require 
intervention. There are limited data concerning the normal 
distribution of POP in the population and the correlations 
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between symptoms and physical findings. In a study of 497 
women, Swift (2000) demonstrated that the distribution 
of prolapse in a population exhibited a bell-shaped curve, 
with the majority of women having Stage I or II prolapse by 
the POPQ classification system and only 3% having Stage 
II prolapse. This signifies that, at baseline, a majority of 
women, especially those who have borne children, have 
some degree of pelvic relaxation. However, these women 
are generally asymptomatic and will only develop symptoms 
as their prolapse increases in severity, especially as it pro- 
trudes to the hymen and beyond (Swift et al., 2005; Swift 
and Barber 2010). Therefore, even if prolapse is found on 
physical examination, it may not be clinically relevant and 
may not require intervention if the patient is asymptomatic. 

Swift and Barber (2010) proposed that POP the disease, 
be defined as the descent of one or more of the anterior 
vaginal wall, posterior vaginal wall, the uterus (cervix), or 
the apex of the vagina beyond the hymen on straining exam- 
ination (the sign of POP) associated with feeling or seeing 
a bulge from the vagina during daily activities (the symp- 
tom of POP). Patients with descent beyond the hymen who 
do not have bulge symptoms would be classified as having 
asymptomatic POP and those with bulge symptoms should 
be classified as having symptomatic POP. 


History and Physical Examination 
History of Urinary Incontinence 


Early in the interview, one should elicit a description of the 
patient’s main complaint, including duration and frequency. 
A clear understanding of the severity of the problem or 
disability and its effect on quality of life should be sought. 
Assessment of mobility and living environment is especially 
important in certain patients. Questions should be asked 
about access to toilets or toilet substitutes and about social 
factors such as living arrangements, social contacts, and 
caregiver involvement. 

Box 9.1 lists questions that are helpful in evaluating 
incontinence in women. The first question is designed to 
elicit the symptom of stress incontinence (i.e., urine loss 
with events that increase intraabdominal pressure). The 
symptom of stress incontinence is usually (but not always) 
associated with the diagnosis of urodynamic stress incon- 
tinence. Questions 2 through 9 help elicit the symptoms 
associated with detrusor overactivity. The symptom of urge 
incontinence is present if the patient answers question 3 
affirmatively. Frequency (questions 4 and 5), bedwetting 
(question 6), leaking with intercourse (question 8), and a 
sense of urgency (questions 2 and 7) are all associated with 
detrusor overactivity. Questions 9 and 10 help to define the 
severity of the problem. Questions 11 through 13 screen 
for urinary tract infection and neoplasia, and questions 
14 through 16 are designed to elicit symptoms of voiding 
dysfunction. 

After the urologic history, thorough medical, surgical, 
gynecologic, neurologic, and obstetric histories should be 
obtained. Certain medical and neurologic conditions, such 
as diabetes, stroke, and lumbar disk disease, may cause 
urinary incontinence. Furthermore, strong coughing associ- 
ated with chronic pulmonary disease can markedly worsen 
symptoms of stress incontinence. A bowel history should be 


1. Do you leak urine when you cough, sneeze, or laugh? 
2. Do you ever have such an uncomfortably strong need to 
urinate that if you don’t reach the toilet you will leak? 
3. If “yes” to question 2, do you ever leak before you reach 
the toilet? 
4. How many times during the day do you urinate? 
5. How many times do you void during the night after going 
to bed? 
6. Have you wet the bed in the past year? 
7. Do you develop an urgent need to urinate when you are 
nervous, under stress, or in a hurry? 
8. Do you ever leak during or after sexual intercourse? 
9. How often do you leak? 
10. Do you find it necessary to wear a pad because of your 
leaking? 
11. Have you had bladder, urine, or kidney infections? 
12. Are you troubled by pain or discomfort when you urinate? 
13. Have you had blood in your urine? 
14. Do you find it hard to begin urinating? 
15. Do you have a slow urinary stream or have to strain to pass 
your urine? 
16. After you urinate, do you have dribbling or a feeling that 
your bladder is still full? 


Table 9.1 Medications that Can Affect Lower 


Urinary Tract Functions 


Type of Medication Lower Urinary Tract Effects 


Diuretics Polyuria, frequency, urgency 
Caffeine Frequency, urgency 
Alcohol Sedation, impaired mobility, 


diuresis 
Urinary retention, fecal impaction, 
sedation, delirium 


Narcotic analgesics 


Anticholinergic agents 

Antihistamines 

Psychotropic agents 
Antidepressants 
Antipsychotics 
Sedatives/hypnotics 


Alpha-adrenergic blockers 
Alpha-adrenergic agonists 
Calcium-channel blockers 


Urinary retention, voiding difficulty 
Anticholinergic actions, sedation 


Anticholinergic actions, sedation 

Anticholinergic actions, sedation 

Sedation, muscle relaxation, 
confusion 

Stress incontinence 

Urinary retention, voiding difficulty 

Urinary retention, voiding difficulty 


noted because chronic severe constipation has been associ- 
ated with voiding difficulties, urgency, stress incontinence, 
increased bladder capacity, and POP. A history of hysterec- 
tomy, vaginal repair, pelvic cancer and/or radiotherapy, or 
surgery for incontinence should alert the physician to the 
possibility of prior surgical trauma to the lower urinary tract. 

A complete list of the patient’s medications (including 
nonprescription medications) should be sought to deter- 
mine whether individual drugs might influence the function 
of the bladder or urethra, leading to urinary incontinence 
or voiding difficulties. A list of drugs that commonly affect 
lower urinary tract function is shown in Table 9.1. In these 
cases, altering drug dosage or changing to a drug with similar 
therapeutic effectiveness but with fewer lower urinary tract 
side effects, will often improve or “cure” the offending uri- 
nary tract symptom. 
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Urinary Diary 


Patient histories regarding frequency and severity of uri- 
nary symptoms are often inaccurate and misleading. Uri- 
nary diaries are more reliable and require the patient to 
record volume and frequency of fluid intake and of voiding, 
usually for a one- to seven-day period. A three-day diary 
seems to be as accurate as a seven-day diary to document 
symptoms, and compliance is improved. Episodes of uri- 
nary incontinence and associated events or symptoms such 
as coughing, urgency, and pad use are noted. The number 
of times voided each night and any episodes of bedwet- 
ting are recorded the next morning. The maximum voided 
volume also provides a relatively accurate estimate of blad- 
der capacity. The physician should review the frequency/ 
volume charts with the patient and corroborate or modify 
the initial diagnostic impression. If excessive frequency and 
volume of fluid intake are noted, restriction of excessive 
oral fluid intake (combined with scheduled voiding) may 
improve symptoms of stress and urge incontinence by keep- 
ing the bladder volume below the threshold at which uri- 
nary leaking results. 

Urinary diaries are a useful and accepted research method 
to measure the severity of incontinence and as an outcome 
measure after interventions. This is reviewed in Chapter 44. 


History of POP 


Patients with POP may present with symptoms directly 
related to the prolapse such as vaginal bulge, pressure, and 
discomfort as well as a plethora of associated symptoms 
relating to voiding, defecatory, and sexual dysfunction. The 
severity of the prolapse is not necessarily associated with 
increased visceral symptomatology. 


Vaginal prolapse in any compartment—anterior, apical, 
or posterior—can manifest as vaginal fullness, pain and/or 
protruding mass. In a study by Tan et al. (2005), the feeling 
of “a bulge or that something is falling outside the vagina” 
had a positive predictive value of 81% for POP; the lack of 
this symptom had a negative predictive value of 76% for 
predicting prolapse at or past the hymen. Not surprisingly, 
increased degree of prolapse, especially beyond the hymen, 
is associated with increased pelvic discomfort and visualiza- 
tion of a protrusion. The presence of vaginal bulge symp- 
toms is a highly specific (but not sensitive) symptom for 
predicting the presence of prolapse beyond the hymen on 
a straining examination (specificity 99% to 100%) (Bradley 
and Nygaard, 2005; Barber et al., 2006). The association 
of POPQ measures on examination with three commonly 
related symptoms—urinary splinting, digital assistance with 
defecation, and vaginal bulge—is shown in Figure 9.1. 

Stress urinary incontinence and voiding difficulties can 
occur in association with anterior and apical vaginal prolapse. 
However, women with advanced degrees of prolapse may 
not have overt symptoms of stress incontinence because the 
prolapse may cause a mechanical obstruction of the urethra, 
thereby preventing urinary leakage. Instead, these women 
may require vaginal pressure or manual replacement of the 
prolapse to accomplish voiding. They are therefore at risk 
for incomplete bladder emptying and recurrent or persistent 
urinary tract infections and for the development of de novo 
stress incontinence after the prolapse is repaired. Patients 
who require digital assistance to void in general have more 
advanced degrees of prolapse. In addition to difficulty void- 
ing, other urinary symptoms such as urgency, frequency, 
and urge incontinence are found in women with prolapse. 
However, it is not clear whether the severity of prolapse is 
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directly associated with more irritative voiding symptoms 
or bladder pain. 

POP especially in the apical and posterior compartments, 
can be (but are not always) associated with defecatory dys- 
function, such as pain with defecation, the need for manual 
assistance with defecation, and anal incontinence of flatus, 
liquid, or solid stool. These patients often have outlet-type 
constipation secondary to the trapping of stool within the 
rectal hernia necessitating the need for splinting or apply- 
ing manual pressure in the vagina, rectum, or perineum to 
reduce the prolapse aiding in defecation. Although defeca- 
tory dysfunction remains an area that is least understood 
in patients with prolapse, clinical and radiographic studies 
have shown that the severity of prolapse is not strongly cor- 
related with increased symptomatology. 

Although the relationship between sexual function and 
POP is not clearly defined, questions regarding sexual dys- 
function must be included in the evaluation of any patients 
with prolapse. Patients may report symptoms of dyspareu- 
nia, decreased libido and orgasm, and increased embarrass- 
ment with altered anatomy that affects body image. Some 
studies have reported that prolapse adversely affected 
sexual functioning with subsequent improvement in sexual 
function after repair of prolapse (Barber et al., 2002; Rogers 
et al., 2001; Weber et al., 2000). However, Burrows et al. 
(2004) showed little correlation between the extent of pro- 
lapse and sexual dysfunction. Evaluating sexual function 
may be especially difficult in this patient population as the 
hindrances to sexual function may include factors other than 
prolapse, such as partner limitations and functional deficits. 

Symptoms of incontinence and prolapse and their impact 
on the woman can be measured or quantified using a num- 
ber of easy-to-use and validated questionnaires measuring 
symptom severity, quality of life, and sexual function. These 
outcome measures can be useful in clinical practice and in 
research; they are reviewed in detail in Chapter 44. 


Gynecologic Examination 


General, gynecologic, and lower neurologic examinations 
should be performed on every woman with incontinence 
and/or prolapse. The pelvic examination is of primary 
importance. A bimanual examination is performed to rule 
out coexistent gynecologic pathology, which can occur in up 
to two-thirds of patients. The rectal examination further 
evaluates for pelvic pathology and fecal impaction, the lat- 
ter of which may be associated with voiding difficulties and 
incontinence in elderly women. Urinary incontinence has 
been shown to improve or resolve after the removal of fecal 
impactions in institutionalized geriatric patients. 

The physical examination for incontinence and prolapse 
should be conducted with the patient in dorsal lithotomy 
position, as for a routine pelvic examination. If physical 
findings do not correspond to symptoms or if the maximum 
extent of the prolapse cannot be confirmed, the woman can 
be reexamined in the standing position. 

Initially, the external genitalia are inspected, and if no dis- 
placement is apparent, the labia are gently spread to expose 
the vestibule and hymen. Vaginal discharge can mimic 
incontinence, so evidence of this problem should be sought 
and, if present, treated. Palpation of the anterior vaginal 
wall and urethra may elicit urethral discharge or tenderness 


that suggests a urethral diverticulum, carcinoma, or inflam- 
matory condition of the urethra. The integrity of the peri- 
neal body is evaluated and the extent of all prolapsed parts 
are assessed. A retractor, Sims speculum, or the posterior 
blade of a bivalve speculum can be used to depress the pos- 
terior vagina to aid in visualizing the anterior vagina, and vice 
versa for the posterior vagina. Because most patients with 
prolapse are postmenopausal, the vaginal mucosa should be 
examined for atrophy and thinning because this may affect 
management. Healthy, estrogenized tissue, without signifi- 
cant evidence of prolapse, will be well perfused and have 
rugation and physiologic moisture. Atrophic vaginal tissue 
consistent with hypoestrogenemia appears pale, thin, with- 
out rugation, and can be friable; this finding suggests that 
the urethral mucosa is also atrophic. 

After the resting vaginal examination, the patient is 
instructed to perform the Valsalva maneuver or to cough 
vigorously. During this maneuver, the order of descent of 
the pelvic organs is noted, as is the relationship of the pelvic 
organs at the peak of increased intraabdominal pressure. The 
presence and severity of anterior vaginal relaxation, includ- 
ing cystocele and proximal urethral detachment and mobility, 
or anterior vaginal scarring, are estimated. Associated pelvic 
support abnormalities, such as rectocele, enterocele, and 
uterovaginal prolapse, are noted. The amount or severity of 
prolapse in each vaginal segment should be measured, staged 
and recorded according to POPQ guidelines noted in Chap- 
ter 8. A rectovaginal examination is recommended to fully 
evaluate prolapse of the posterior vaginal wall and perineal 
body. Digital assessment of bowel contents in the rectovagi- 
nal septum during straining examination can help to diagnose 
an enterocele. Other clinical observations and tests to help 
delineate prolapse include: cotton swab testing for the mea- 
surement of urethral axis mobility (Q-tip test); measurement 
of perineal descent; measurement of the transverse diameter 
of the genital hiatus or of the protruding prolapse; measure- 
ment of vaginal volume; description and measurement of 
posterior prolapse; and examination techniques differenti- 
ating between various types of defects (e.g., central versus 
paravaginal defects of the anterior vaginal wall). Inspection 
should also be made of the anal sphincter because fecal 
incontinence is often associated with posterior vaginal sup- 
port defects. Grossly, women with a torn external sphincter 
may have scarring or a “dove-tail” sign on the perineal body. 

Anterior vaginal wall descent usually represents bladder 
descent with or without concomitant urethral hypermobility. 
However, in 1.6% of women with anterior vaginal prolapse, an 
anterior enterocele can mimic a cystocele on physical exami- 
nation. Furthermore, lateral paravaginal defects, identified as 
detachment of the lateral vaginal sulci, may be distinguished 
from central defects, seen as a midline protrusion with pres- 
ervation of the lateral sulci, by using a curved forceps placed 
in the anterolateral vaginal sulci directed toward the ischial 
spine. Bulging of the anterior vaginal wall in the midline 
between the forceps blades implies a midline defect; blunting 
or descent of the vaginal fornices on either side with straining 
suggest lateral paravaginal defects. However, researchers have 
shown that the physical examination technique to detect 
paravaginal defects is not particularly reliable or accurate. In 
a study by Barber et al. (1999) of 117 women with prolapse, 
the sensitivity of clinical examination to detect paravaginal 
defects was good (92%), yet the specificity was poor (52%). 
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Despite a high prevalence of paravaginal defects, the positive 
predictive value was only 61%. Less than two-thirds of women 
believed to have a paravaginal defect on physical examination 
were confirmed to possess the same at surgery. Another study 
by Whiteside et al. (2004) demonstrated poor reproducibility 
of clinical examination to detect anterior vaginal wall defects. 
Thus the clinical value of determining the location of midline, 
apical and lateral paravaginal defects remains unknown. 

In regard to posterior prolapse, clinical examinations do 
not always accurately differentiate between rectoceles and 
enteroceles. Some investigators thus have advocated per- 
forming imaging studies to further delineate the exact nature 
of the posterior wall prolapse. Traditionally, most clinicians 
believe they are able to detect the presence or absence of 
these defects without anatomically localizing them. How- 
ever, little is known regarding the accuracy or utility of 
clinical examinations in evaluating the anatomic locations of 
prolapsed small or large bowel or of specific defects in the 
rectovaginal space. Burrows et al. (2003) found that clinical 
examinations often did not accurately predict the specific 
location of defects in the rectovaginal septum that were 
subsequently found intraoperatively. Clinical findings corre- 
sponded with intraoperative observations in 59% of patients 
and differed in 41%; sensitivities and positive predicative 
values of clinical examinations were less than 40% for all pos- 
terior defects. However, what remains unclear is the clinical 
consequence of not detecting these defects preoperatively. 

As noted previously, the POPQ classification should 
be done on all women with prolapse. This descriptive sys- 
tem contains a series of site-specific measurements of the 
woman’s pelvic organ support. The measurements can be 
obtained quickly in both experienced and nonexperienced 
hands. It can be easily learned and taught by means of a 
brief video tutorial. Prolapse in each segment is evaluated 
and measured relative to the hymen (not introitus), which 
is a fixed anatomic landmark that can be identified consis- 
tently and precisely. The anatomic position of the six defined 
points for measurement should be centimeters above or 
proximal to the hymen (negative number) or centimeters 
below or distal to the hymen (positive number), with the 
plane of the hymen being defined as zero. For example, a 
cervix that protrudes 3 cm distal to (beyond) the hymen 
should be described as +3 cm. Studies have demonstrated 
excellent interexaminer and intraexaminer reliability when 
using the POPQ system to quantify prolapse. The POPQ 
system does not take into account lateral defects and peri- 
neal body prolapse, but these can be added in descriptive 
terms. POPQ measurements can also help predict or aid in 
the diagnosis of voiding dysfunction (Chae et al., 2014) and 
levator hiatus ballooning (Gerges et al., 2013). Despite its 
limitations, POPQ system is currently the classification sys- 
tem used in most research studies and National Institutes of 
Health trials, and is gaining popularity in clinical practice. 


Neurologic Examination 


Urinary (and fecal) incontinence may be the presenting 
symptom(s) of neurologic disease. The screening neurologic 
examination should evaluate mental status, sensory and motor 
function of both lower extremities, and include a screening 
lumbosacral neurologic examination. The screening lumbosa- 
cral examination should include assessments of: (1) pelvic floor 


muscle strength, (2) anal sphincter resting tone, (3) voluntary 
anal contraction, and (4) perineal sensation. This simple screen- 
ing examination can be performed quickly and easily as part of 
the gynecologic examination. When abnormalities are noted, or 
when an individual is suspected of having neurologic dysfunc- 
tion, a comprehensive neurologic examination with particular 
emphasis on the lumbosacral nerve roots should be performed. 
This comprehensive evaluation should be performed before 
any neurophysiologic testing, because any such testing should 
only be interpreted in the context of the patient’s history and 
physical examination findings. 

Mental status is determined by noting the patient’s level 
of consciousness, orientation, memory, speech, and com- 
prehension. Disorders associated with mental status aberra- 
tions that may result in changes in bowel or bladder function 
include senile and presenile dementia, brain tumors, stroke, 
Parkinson’s disease, and normal pressure hydrocephalus. 

Evaluation of the sensory and motor systems may iden- 
tify an occult neurologic lesion or can help determine the 
level of a known lesion. Common diseases associated with 
sensory and motor abnormalities that can produce urologic 
disturbances include Parkinson’s disease, multiple sclerosis, 
cerebrovascular disease, infections, and tumors. Sacral seg- 
ments 2 through 4, which contain the important neurons 
controlling micturition, are particularly important (Fig. 9.2). 
Sensory function is evaluated by testing the lumbosacral 
dermatomes for the ability to sense light touch, pinprick, 
and temperature. The sensory dermatomes of interest 


FIGURE 9.2 Sensory dermatomes of the lower extremities and 
perineum. Shaded area represents sacral segments 2, 3, and 4. 
(Modified from Boileau Grant JC. Grant's Atlas of Anatomy. 6th ed. 
Baltimore: Williams & Wilkins; 1972.) 
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include the perineum and perianal skin (pudendal n., S2-4), 
mons pubis and upper aspect of labia majora (ilioinguinal 
n., L1-2), front of the knees (L3-4), and sole of the foot 
(S1). Dermatome maps are useful for characterizing sen- 
sory deficits, although it is important to remember that 
there can be considerable overlap between dermatomes. 
To test motor function, the patient extends and flexes the 
hip, knee, and ankle and inverts and everts the foot. The 
strength and tone of the levator ani muscle and external 
anal sphincter are estimated digitally. The strength of pelvic 
floor musculature is assessed by palpating the levator ani 
muscle complex in the posterior vaginal wall approximately 
2 to 4 cm cephalad to the hymen. The patient is then asked 
to squeeze around the examiner’s fingers. Weakness in this 
muscle can be a result of neurologic deficits or direct trauma 
during childbirth. Skeletal muscle strength is graded on a 
scale from 0 to 5 (see Table 9.2). Position sense and vibra- 
tion should be assessed, but need only be evaluated in the 
distal extremities. The patellar, ankle, and plantar reflex 
responses are tested. 

Visceral sensation of the bladder and rectum can be 
assessed with cystometry and anal manometry, respectively. 
Loss of perineal sensation in a patient with bowel or bladder 
dysfunction, particularly if acute, should always alert the 
examiner to a potentially serious neurologic problem. Neu- 
rophysiologic testing and/or radiologic evaluation should be 
performed to assess for conus medullaris or cauda equina 
syndrome. 

Two reflexes may help in the examination of sacral reflex 
activity. In the anal reflex, stroking the skin adjacent to the 
anus causes reflex contraction of the external anal sphinc- 
ter muscle. The bulbocavernosus reflex involves contraction 
of the bulbocavernosus and ischiocavernosus muscles in 
response to tapping or squeezing of the clitoris. Unfortu- 
nately, these reflexes can be difficult to evaluate clinically 
and are not always present, even in neurologically intact 
women. 

Both the resting tone and voluntary contraction of the 
anal sphincter should be assessed. The examiner should 
first inspect the anus, looking for scarring or a gaping 
sphincter. Women with disruption of the external anal 
sphincter may have gross abnormalities of the perineal 
body with a “dove-tail” sign in the area of the disrupted 
sphincter. A digital rectal examination should be per- 
formed, noting the resistance to entry of the examining 
finger. Fifty percent to 85% of overall resting anal tone is 
generated by the internal anal sphincter. Loss of resting 


Table 9.2 Grading Scales for Muscle Strength 


Score Limb Muscles Levator Ani 

0/5 No movement No contraction 

1/5 Trace of contraction Flicker, barely perceptible 

2/5 Active movement when Loose hold, 1-2 s 
gravity eliminated 

3/5 Active movement against Firmer hold, 1-2 s 
gravity only 

4/5 Active movement against Good squeeze, 3-4 s, 
resistance, but not pulls fingers in and up 
normal loosely 


5/5 Normal strength Stronger squeeze, 3-4 s, 


pulls in and up snugly 


tone suggests disruption of the internal anal sphincter 
and/or an injury to its sympathetic innervation (i.e., pel- 
vic plexus injury). The patient then should be asked to 
maximally squeeze her anal sphincter. The presence of a 
strong voluntary anal sphincter contraction indicates intact 
pudendal innervation and external anal sphincter. Unlike 
pelvic muscle strength, there is no widely accepted vali- 
dated scale for quantifying anal squeeze strength. Kaushal 
and Goldner (1991) used a 0 to 3+ scale and found that it 
had a high correlation with maximum squeeze pressure as 
measured by anal manometry. Weidner et al. (2000) used a 
modified version of the pelvic muscle rating scale to quan- 
tify anal squeeze strength. Absence or decrease of both 
anal sphincter tone and voluntary contraction suggests a 
possible sacral or peripheral nerve lesion. Preservation of 
resting tone in the absence of a voluntary contraction sug- 
gests a suprasacral lesion. 


Techniques for Measuring Urethral Mobility 


Examination of the anterior vaginal wall is inaccurate in pre- 
dicting the amount of urethral mobility. It is difficult with 
physical examination to differentiate between cystocele and 
rotational descent of the urethra and the two often coexist. 
Measuring urethral mobility aids in the diagnosis of urody- 
namic stress incontinence and in planning treatment for this 
condition (bladder neck suspension or sling versus urethral 
injection of bulking agents). 

Although pelvic examination alone is generally consid- 
ered to be unreliable in predicting urethral mobility, Noblett 
et al. (2005) showed that essentially all of the women with 
Stage II to IV prolapse by POPQ had Q-tip angle greater 
than 30°. Thus perhaps measures of urethral mobility would 
only be useful in women with Stage O or I prolapse or in 
those with prior surgical repairs or other interventions. Sev- 
eral tests are available for estimating the amount of urethral 
mobility in women. 


Radiologic Assessment 


Lateral cystourethrography in the resting and straining view 
can identify mobility or fixation of the bladder neck, fun- 
neling of the bladder neck and proximal urethra, and degree 
of cystocele. The voiding component can identify a urethral 
diverticulum, fistula, mass, obstruction, or vesicoureteral 
reflux. Videocystourethrography allows a dynamic assess- 
ment of the anatomy and function of the bladder base and 
urethra during retrograde filling with contrast material and 
during voiding. It is most helpful in sorting out causes of 
complex incontinence problems. However, it is invasive, 
expensive, and not widely available. For these reasons, other 
methods are usually used to measure urethral mobility in 
incontinent women. 


Ultrasonography 


Ultrasonography is an alternative method of evaluating ure- 
throvesical anatomy and is described in detail in Chapter 
13. Vaginal ultrasonography accurately displays descent of 
the urethrovesical junction, opening of the bladder neck, 
and detrusor contractions. This technique is a noninvasive 
and accurate method of evaluating the position and mobil- 
ity of the urethrovesical junction and proximal urethra in 
incontinent women. 
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Q-Tip Test 

Placement of a cotton swab in the urethra to the level of 
the vesical neck and measurement of the axis change with 
straining can be used to demonstrate urethral mobility. To 
perform the Q-tip test, a sterile, lubricated cotton-tipped 
applicator is inserted transurethrally into the bladder, 
then withdrawn slowly until definite resistance is felt, 
indicating that the cotton tip is at the bladder neck. This 
is best accomplished with the patient in the supine lithot- 
omy position during a pelvic examination. The resting 
angle of the applicator stick in relation to the horizontal 
is measured with a goniometer or protractor. The patient 
is then asked to cough and perform a Valsalva maneuver, 
and the maximum straining angle from the horizontal 
is measured. Results are not affected by the amount of 
urine in the bladder. Care should be taken to ensure that 
the cotton tip is not in the bladder or at the mid-urethra 
because this results in a falsely low measurement of ure- 
thral mobility. 

Although maximum straining angle measurements 
greater than 30° are generally considered to be abnormal, 
few data are available to differentiate normal from abnor- 
mal measurements. Urethral mobility in continent women 
is related to age, parity, and support defects of the ante- 
rior vaginal wall, and “urethral hypermobility” is common 
in asymptomatic women. Women with urodynamic stress 
incontinence have higher maximum straining Q-tip angles, 
although there wide overlap in measurements between the 
continent and incontinent women. In general, arbitrary cut- 
off values around 30° are too low to define “normal” ure- 
thral mobility for parous women, and this test is no longer 
considered useful in helping with diagnosis or treatment of 
incontinence. 


Perineal Pad Tests 


Perineal pad weighing may be used when one wants to docu- 
ment objectively the presence and amount of urine loss. The 
test should approximate activities in daily life and should 
evaluate as long a period as possible, yet be practical. A 1-h 
period of testing is recommended and can be extended for 
additional 1-h periods if the result of the first test is not 
considered representative of the symptoms by either the 
patient or the physician. Alternatively, the test can be per- 
formed after filling the bladder to a defined volume or at 
home over a 24-h period. 

The total amount of urine lost during the test period is 
determined by weighing a collecting device such as an absor- 
bent pad. The pad should be worn inside waterproof under- 
pants or should have a waterproof backing. Care should 
be taken to use a collecting device of adequate capacity. 
Immediately before the test begins, the collecting device 
is weighed to the nearest gram. A typical test schedule 
is started without the patient voiding and with drinking 
approximately 500 mL of fluid. A period of walking, cough- 
ing, exercise, and hand-washing is done. At the end of the 
1-h test, the collecting device is removed and weighed. If 
the test is regarded as representative, the patient voids and 
the volume is recorded; if not, the test is repeated for an 
additional hour. 

If the collecting device becomes saturated or filled dur- 
ing the test, it should be removed, weighed, and replaced. 


The total weight of urine lost during the test period is taken 
to be equal to the gain in weight of the collecting device(s). 
In interpreting the results of the test, it should be remem- 
bered that a weight gain of up to 1 g may be due to weighing 
errors, sweating, or vaginal discharge. 

Two critical variables determine the sensitivity of pad 
weighing: the amount of fluid in the bladder during exercise 
and the type of activity used to generate increased intraab- 
dominal pressure. Lose et al. (1986) found that pad weight 
correlated significantly with the fluid load on the bladder 
(i.e., the initial volume plus diuresis). Pad weighing has 
acceptable test-retest reliability and is easy to perform in 
a clinical setting. However, it has low sensitivity and poor 
correlation between pad gain and videographic assessment 
of incontinence severity. These shortcomings have limited 
acceptance of pad weighing as a routine part of the evalua- 
tion of incontinence. 

Phenazopyridine hydrochloride (Pyridium) is sometimes 
used to aid clinicians in differentiating urinary continence 
from incontinence in women with disturbing vaginal wet- 
ness (“Pyridium pad test”). Patients are given Pyridium tab- 
lets and instructed to wear a sanitary pad for a given time. 
The pad is then removed and examined. Red-orange staining 
is taken as evidence that urine loss has occurred. Although 
this test may occasionally be useful, Wall et al. (1990) dem- 
onstrated that although all incontinent women had pad 
staining, 52% of healthy continent women also had staining, 
reflecting a high rate of false-positive tests. 


Diagnostic Tests 
Laboratory 


Few laboratory tests are necessary for the evaluation of 
incontinence and prolapse. A clean midstream or catheter- 
ized urine sample should be obtained for dipstick urinalysis. 
Urine culture and sensitivity should be obtained when the 
dipstick test indicates infection. Acute cystitis can pres- 
ent with multiple irritative symptoms, such as dysuria, 
frequency, urgency, incontinence, and voiding difficulty. In 
these cases, treatment of the infection usually eradicates 
the symptoms. However, bacteriuria is often asymptomatic, 
especially in the elderly. Boscia et al. (1986) demonstrated 
that no differences in urinary symptoms were found when 
elderly bacteriuric subjects were compared with themselves 
when they were nonbacteriuric. In view of these conflicting 
data, it seems reasonable to examine the urine for infection 
in all incontinent patients and, if bacteriuria is found, to pre- 
scribe appropriate antibiotics and reevaluate the patient in 
several weeks. 

Blood testing (blood urea nitrogen, creatinine, glucose, 
and calcium) is recommended if compromised renal func- 
tion is suspected or if polyuria (in the absence of diuretics) 
is present. Urine cytology is not recommended in the rou- 
tine evaluation of the incontinent patient or in the initial 
evaluation of microscopic hematuria (three to five red blood 
cells per high-powered field on microscopic examination). 
Cytology may be useful, however, in patients with persistent 
microhematuria after a negative workup or with risk factors 
for carcinoma in situ (e.g., irritative voiding symptoms, cur- 
rent or past tobacco use, chemical exposures) (Davis et al., 


2012; Lambert 2013). 


124 PART 3 Evaluation 


Radiologic 


After a careful history and physical examination, few diag- 
nostic tests are needed to further evaluate patients with 
POP if there is no concomitant voiding or defecatory dys- 
function. Although hydronephrosis does occur in a small 
proportion of women with prolapse, even if identified, it 
usually does not change management in the women for 
whom surgical repair is planned. Therefore, routine imaging 
of the kidneys and ureters is not necessary. 

As discussed in previous sections, preoperative clinical 
assessments of specific support defects involved in prolapse 
often do not correspond to subsequent intraoperative find- 
ings. Therefore, some investigators have advocated using 
imaging procedures such as ultrasonography, contrast radi- 
ography, and magnetic resonance imaging (MRI) to further 
describe the exact nature of pelvic support or other defects 
before attempting surgical repairs. For example, some prac- 
titioners have used contrast ultrasonography to evaluate 
for paravaginal defects by placing a water filled condom in 
the vaginal canal to better delineate the paravaginal spaces 
(Ostrzenski et al., 1997). Vaginal grafts, meshes, and slings 
are easily seen on perineal ultrasound. Others have used 
MRI to better characterize the soft tissue and viscera of the 
pelvis. However, currently there is a lack of standardized 
radiologic criteria for diagnosing POP. Therefore, the clinical 
utility of imaging studies remains unknown; they are cur- 
rently mostly used for research purposes. 

Patients with prolapse who are without symptoms of 
defecatory dysfunction generally do not warrant ancillary 
bowel testing. For example, although defecating proctog- 
raphy can provide additional information regarding rectal 
emptying, Siproudhis et al. (1993) demonstrated that it is 
no more sensitive at detecting rectoceles compared with 
physical examination alone. However, patients with con- 
comitant defecatory dysfunction or motility disorders do 
merit further evaluation. 

In patients with defecatory dysfunction, it is necessary to 
differentiate between those with colonic motility disorders 
versus those with pelvic outlet symptoms. Useful ancillary 
tests include anoscopy and proctosigmoidoscopy to evaluate 
for prolapsing hemorrhoids and intrarectal prolapse. Motil- 
ity disorders can be assessed with colonic transit studies. 
In patients with apical and posterior vaginal prolapse who 
also complain of difficult or incomplete bowel emptying, it 
is important to evaluate for pelvic floor dyssynergia. Dur- 
ing the physical examination, patients with pelvic floor dys- 
synergia often have hypercontracted and tender puborectalis 
muscles that may not relax on command. Tests for diagnosing 
pelvic floor dyssynergia include electromyogram and balloon 
expulsion test demonstrating a paradoxical contraction of 
the puborectalis muscle during defecation. Defecating proc- 
tography, which involves dynamic and still images of patients 
at rest, during defecation, and while contracting the anal 
sphincter, can also be used for diagnosis. Defecography has 
the added advantage of providing radiographic evidence of 
the specific organ that is herniating into the posterior vaginal 
wall and is the gold standard for measuring perineal descent. 

Dynamic MRI defecography can also be used to provide 
information regarding defecation and anatomic soft-tissue 
defects. It has the advantages of being noninvasive, does not 
require ionizing radiation, and is unrivaled in its depictions 


of pelvic soft tissue. Some surgeons use this modality to 
help decide whether an abdominal or vaginal prolapse repair 
is most appropriate. However, the clinical utility of this 
costly imaging modality in routine practice is debatable as 
it has not yet been shown to alter clinical decision-making. 


Evaluation of Bladder Filling and Voiding 


The office evaluation of incontinence should involve some 
assessment of voiding, detrusor function during filling, and 
competency of the urethral sphincteric mechanism. During 
the assessment, one should try to determine the specific cir- 
cumstances leading to the involuntary loss of urine. If pos- 
sible, such circumstances should be reproduced and directly 
observed during clinical evaluation. The examination is most 
easily initiated with the patient’s bladder comfortably full. 
The patient is allowed to void as normally as possible in pri- 
vate. The time to void and the amount of urine voided are 
recorded. The patient then returns to the examination room 
and the volume of residual urine is noted by transurethral 
catheterization. If a sterile urine sample has not yet been 
obtained for analysis, it can be obtained at this time. A 50-mL 
syringe without its piston or bulb is attached to the catheter 
and held above the bladder. The patient is then asked to sit 
or stand and the bladder is filled by gravity by pouring 50-mL 
aliquots of sterile water into the syringe (Fig. 9.3). The 
patient’s first bladder sensation and maximum bladder capac- 
ity are noted. The water level in the syringe should be closely 
observed during filling, as any rise in the column of water can 
be secondary to a detrusor contraction. Unintended increases 
in intraabdominal pressure by the patient should be avoided. 

The catheter is then removed and the patient is asked 
to cough in a standing position. Loss of small amounts of 
urine in spurts simultaneous with the coughs strongly sug- 
gests a diagnosis of urodynamic stress incontinence. Pro- 
longed loss of urine, leaking 5 to 10 s after coughing, or 
no urine loss with provocation indicates that other causes 


FIGURE 9.3 Office evaluation of bladder filling function. In sitting or 
standing position with a catheter in the bladder, the bladder is filled 
by gravity by pouring sterile water into the syringe. 
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of incontinence, especially detrusor overactivity, may be 
present. Interpretation of these office tests can be difficult 
because of artifact introduced by rises in intraabdominal 
pressure caused by straining or patient movement. Border- 
line or negative tests should be repeated to maximize their 
diagnostic accuracy. 


Making the Incontinence Diagnosis 


Based on the clinical evaluation, the physician can formu- 
late a presumptive diagnosis and initiate treatment, using 
the algorithm in Figure 9.4 as a guide. Similar guidelines 


Urinary incontinence in women 


for evaluation of incontinence have been proposed by others 
and have been used with success in elderly patients. The ini- 
tial goal should be to diligently seek out and treat all revers- 
ible causes of urinary incontinence and voiding difficulty 
(see Box 9.2). The mnemonic DIAPPERS has long been 
used to remember this list (Delirium, Infections, Atrophic 
vaginitis, Psychological causes, Pharmacological, Endocrine, 
Restricted mobility, Stool impaction). Complex causes of 
incontinence are triaged for urodynamic testing or for con- 
sultation (see Box 9.3). 

After the evaluation, patients can be categorized as hav- 
ing probable urodynamic stress incontinence or probable 


History, physical examination, and urinary diary 


Urinalysis 


Post-void catheterization or ultrasound for residual urine 


Reversible 
condition? 
(see Box 9.2) 


Consult with 
urogynecologist 
or urologist 


Complex 
condition? 
(see Box 9,3) 


Stress test? 
(sign of stress 
incontinence) 


Symptom of 
stress 
incontinence? 


Urgency, 
frequency, 
enuresis? 


Yes Ea 
Ea 


Bladder retraining 
medical therapy 


Patient cured 
or satisfied? 


Continue 
treatment 


Consultation 
for urodynamic 
tests 


Prominent DO 
symptoms 


Urgency, 
frequency, 
enuresis? 


| Yes Prominent 
7 USUI 
symptom 


Presume mixed 
DO and USUI 


Pelvic exercising 
bladder retraining 
medical therapy 
mechanical devices 


Consultation for 
urodynamic tests and/or 
consideration of surgery 


FIGURE 9.4 Algorithm for clinical assessment of urinary incontinence in women. DO, detrusor overactivity; USUI, urodynamic stress urinary 


incontinence. 
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Conditions affecting the lower urinary tract 
Urinary tract infection 
Urethritis 


Atrophic vaginitis/urethritis 
Pregnancy 
Drug side effects (see Table 9.1) 
Increased urine production 
Metabolic (hyperglycemia, hypercalcemia) 
Excess fluid intake 
Volume overload 
Stool impaction 
Impaired ability or willingness to reach toilet 
Restricted mobility 
Delirium, dementia 
Chronic illness, injury, or restraint that interferes with 
mobility 
Psychologic causes (depression, hopelessness) 


Uncertain diagnosis and inability to develop a reasonable treat- 
ment plan based on the basic diagnostic evaluation. Uncer- 
tainty in diagnosis may occur when there is lack of correlation 
between symptoms and clinical findings. 

Failure to respond to the patient’s satisfaction to an adequate 
therapeutic trial, and the patient is interested in pursuing 
further therapy. 

Consideration of surgical intervention, particularly if previous 
surgery failed or the patient has a high surgical risk. 

The presence of other comorbid conditions: 

Incontinence associated with recurrent symptomatic urinary 
tract infection 

Persistent symptoms of difficult bladder emptying 

History of previous antiincontinence surgery, radical pelvic 
surgery, or pelvic radiation therapy 

Symptomatic pelvic prolapse, especially if beyond hymen 

Abnormal postvoid residual urine 

Neurologic condition such as multiple sclerosis or spinal cord 
lesions or injury 

Fistula or suburethral diverticulum 

Hematuria without infection 


detrusor overactivity (with or without coexistent stress 
incontinence). For either diagnosis, appropriate behavioral 
or medical therapy can be given and a substantial percentage 
of patients expected to respond. Even patients with mixed 
disorders (coexistent stress incontinence and detrusor over- 
activity) respond to various forms of conservative therapy in 
about 60% of cases. 


Diagnostic Accuracy of Office 
Evaluations 


The findings of a careful history and physical examination 
predict the actual incontinence diagnosis with reasonable 
accuracy. Women who have the symptom of stress inconti- 
nence as their only complaint have a 64% to 90% chance of 


having urodynamic stress incontinence confirmed on diag- 
nostic urodynamic testing. Of these patients, 10% to 30% 
are found to have detrusor overactivity (alone or coexistent 
with urodynamic stress incontinence). Other rare condi- 
tions that can cause the symptom of stress incontinence are 
urethral diverticulum, genitourinary fistula, ectopic ureter, 
and urethral instability. Physical findings associated with 
urodynamic stress incontinence are anterior vaginal relax- 
ation, urethral hypermobility, and observed transurethral 
loss of urine with coughing or Valsalva maneuver. 

Sensory urgency, urge incontinence, diurnal and noctur- 
nal frequency, and bedwetting all have been associated with 
overactive bladder. The more of these abnormal urinary 
symptoms the patient has, the greater the chance that she 
has detrusor overactivity. Cantor and Bates (1980) observed 
that 81% of patients with three or more of these symp- 
toms had detrusor overactivity on cystometry. The physi- 
cal findings of abnormal neurologic examination and absent 
urethral hypermobility in a woman with incontinence have 
been associated with overactive detrusor function. 

Regarding mixed symptoms of urinary incontinence, 
determination of the first occurring and most bothersome 
symptom relates most closely to the urodynamic diagnosis 
(Digesu et al., 2013). Initial therapy for mixed incontinence 
is thus usually directed toward the predominant symptom. 

Is the determination of urethral mobility useful in 
diagnosing the cause of urinary incontinence? The angle 
of urethral inclination does not differ between continent 
and incontinent women with pelvic relaxation. Numerous 
authors have shown that, although the Q-tip test accurately 
reflects the amount of urethral mobility with stress, it is 
of little value in differentiating urodynamic stress inconti- 
nence from detrusor overactivity. Furthermore, serial addi- 
tion of the measurement of urethral inclination with a Q-tip 
to the history and pelvic examination does not appreciably 
change the sensitivity or specificity for diagnosing urody- 
namic stress incontinence. However, because most women 
with primary urodynamic stress incontinence have urethral 
hypermobility, a negative test should cause one to ques- 
tion that diagnosis, perhaps indicating the need to perform 
urodynamic testing. Clearly, the measurement of urethral 
mobility should not be used to differentiate urethral sphinc- 
ter incompetence from abnormalities of voiding or detrusor 
function because these diagnoses require the measurement 
of detrusor pressure during filling and emptying. 

Although the determination of urethral mobility is not 
useful in the diagnosis of urinary incontinence, it may pro- 
vide some information about which surgical therapy is most 
appropriate. In patients with urodynamic stress incontinence, 
mid-urethral or pubovaginal sling or a retropubic suspension 
procedure is used when urethral hypermobility is found to 
coexist with relatively normal intrinsic urethral sphincteric 
function. When urethral hypermobility is found in a patient 
with findings of intrinsic sphincter deficiency, a pubovagi- 
nal sling (or perhaps transvaginal tape) procedure is usually 
recommended. When the urethra is nonmobile or intrinsi- 
cally functionless, periurethral injection of bulking agents, 
an obstructing sling, or artificial urinary sphincter is likely 
to provide better results. Thus, measurement of urethral 
mobility can aid the surgeon in choosing one group of sur- 
gical procedures over another, but cannot determine which 
procedures yield the best results in each clinical situation. 
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Retrograde bladder filling provides an assessment of blad- 
der sensation and an estimate of bladder capacity. Patients 
without urgency and frequency who note a sensation of 
bladder fullness and have an estimated bladder capacity 
that is within normal range probably have normal bladder 
filling function. There seems to be no clear consensus about 
the definition of normal bladder capacity. Values range from 
300 to 750 mL. However, large bladder capacities are not 
always pathologic. Weir and Jaques (1974) showed that 
33% of women with bladder capacities greater than 800 mL 
were urodynamically normal and only 13% had true bladder 
atony. 

In the absence of symptoms of voiding difficulty, patients 
usually have normal voiding function. The incidence of 
asymptomatic voiding dysfunction among women with 
other urologic complaints is only about 3%. Normal values 
for postvoid residual urine measurements have not been 
established. Volumes less than 50 mL indicate adequate 
bladder emptying and volumes greater than 200 mL can be 
considered inadequate emptying. Clinical judgment must be 
exercised in interpreting the significance of postvoid resid- 
ual urine volumes, especially in the intermediate range of 
50 to 200 mL. Because isolated instances of elevated resid- 
ual urine volume may not be significant, the test should be 
repeated when abnormally high values are obtained. Among 
women with symptoms of voiding difficulty and those who 
appear to void abnormally or have retention, more sophis- 
ticated testing is required to determine the causes and the 
mechanism of the voiding dysfunction. 

Because patients with anterior, apical, or posterior pro- 
lapse may have voiding dysfunction resulting from obstruc- 
tion of the urethra, the completeness of bladder emptying 
should be assessed with the prolapse reduced. Kinking of 
the urethra may obscure any indication that urinary incon- 
tinence may be present. Therefore, it is important to assess 
for evidence of incontinence after reduction of the prolapse. 
This can be done manually, with a pessary, vaginal packing, 
or ring forceps at the time of the office bladder filling or uro- 
dynamic testing. If urinary leakage occurs with coughing or 
Valsalva maneuver after reduction of the prolapse, the ure- 
thral sphincter is probably incompetent, even if the patient 
is normally continent. This can occur in up to half of women 
with Stage III or IV prolapse. In this situation, the surgeon 
probably should choose a mid-urethral sling procedure in 
conjunction with the prolapse repair (Meschia et al., 2004), 
although this is controversial. If sphincteric incompetence is 
not present even after reduction of the prolapse, an antiin- 
continence procedure may not be indicated, although future 
studies will further help define the role of “prophylactic” 
bladder neck suspension or sling procedures in this setting. 
A clinical decision tool to help predict the risk of postopera- 
tive de novo stress incontinence has recently been published 


(Jelovsek et al., 2014). 


Indications for Urodynamic Tests 
and Cystoscopy 


The physician must recognize that even under the most typ- 
ical clinical situations, the diagnosis of incontinence based 
only on clinical evaluation may be uncertain. This diagnos- 
tic uncertainty may be acceptable if medical or behavioral 
treatment (as opposed to surgery) is planned because of the 


low morbidity and cost of these treatments and because 
the ramifications of noncure (continued incontinence) are 
not severe. Limited data support the need for cystometric 
testing in the routine or basic evaluation of urinary incon- 
tinence. It is indicated as part of the evaluation of more 
complex disorders of bladder filling and voiding, such as the 
presence of neurologic disease and other comorbid condi- 
tions (Winters et al., 2012). When surgical treatment of 
stress incontinence is planned, urodynamic testing is usually 
recommended to confirm the diagnosis, unless the patient 
has an uncomplicated history and compatible physical find- 
ings of stress incontinence (positive cough stress test), a low 
postvoid residual volume, and has not had previous surgery 
for incontinence (Nager et al., 2012). 

Consultation should be considered for complex cases 
that may require urodynamic testing or surgical treatment. 
Whenever objective clinical findings do not correlate with 
or reproduce the patient’s symptoms, urodynamic testing 
is indicated for diagnosis. Finally, when trials of therapy are 
used, patients must be followed up periodically to evaluate 
response. If the patient fails to improve to her satisfaction, 
appropriate further testing is indicated. 

Cystoscopy is indicated for the evaluation of patients 
with incontinence who have sterile hematuria or pyuria; 
irritative voiding symptoms, such as frequency, urgency, and 
urge incontinence, in the absence of any reversible causes; 
suspicion of fistula; bladder pain; recurrent cystitis; subure- 
thral mass; suspected foreign body or mesh in the bladder 
or urethra; and when urodynamic testing fails to duplicate 
symptoms of urinary incontinence. Bladder lesions are found 
in less than 2% of patients with incontinence (Fantl et al., 
1996); therefore, cystoscopy should not be performed rou- 
tinely in patients with incontinence. 
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Introduction to Urodynamics 


The term urodynamics means observation of the changing 
function of the lower urinary tract over time. Specifically, 
urodynamic studies are a number of interactive diagnostic 
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tests that can be used to obtain functional information 
about bladder filling, urine storage, and voiding. 

To understand the fundamental value of urodynamics, 
one should realize that the female bladder responds simi- 
larly to a variety of pathologies. Symptoms do not always 
reflect accurately the physiologic state of the bladder. For 
example, a patient may feel that her bladder is full when 
it is nearly empty, or that her bladder is contracting when 
it is not. The validity of any urodynamic diagnosis is linked 
to the patient’s symptoms and the reproduction of these 
symptoms during the testing session. To obtain the most 
accurate, clinically relevant interpretation of urodynamic 
studies, the urodynamicist should clearly understand lower 
urinary tract function and correlate urodynamic data with 
other clinical information. Ideally, the urodynamicist should 
be the physician who takes the history, reviews the voiding 
diary, performs the physical examination, interprets other 
tests, explains the diagnosis, and develops a reasonable 
management plan. 

Results of urodynamic investigations should be recorded 
in a way that can be communicated among physicians and 
other health care personnel. For this reason, the recommen- 
dations detailed in the standardization reports of the Inter- 
national Continence Society (ICS) should be followed (see 
Appendix). 


Normal Bladder Physiology 


A prerequisite to performing and interpreting a urodynamic 
study is having a full understanding of normal lower urinary 
tract function. During filling, a normal adult bladder should 
act as a low-pressure reservoir. It has the inherent ability 
of responding to filling (when done at a physiologic rate) 
with an almost imperceptible change in intravesical and 
detrusor pressure. This high compliance of the bladder is 
due primarily to its elastic and viscoelastic properties. Dur- 
ing filling, the bladder outlet should be closed and remain 
closed even during increases in intraabdominal pressure. 
There is a gradual increase in urethral pressure during blad- 
der filling contributed to in part by the striated sphincter 
of the urethra and perhaps also by smooth sphincteric ele- 
ments as well. This can be detected by measuring urethral 
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pressure but also can be seen on electromyography (EMG). 
The normal opening vesical pressure in an adult female 
bladder should be in the range of 2 to 6 cm H,O, with it 
only increasing to approximately 10 cm H2O at maximum 
capacity. 

Bladder filling should be associated with appropriate 
sensation. Most women will feel a first sensation of blad- 
der filling between 75 and 150 mL, feel an urge to void 
between 300 and 400 mL, and have a maximum capacity 
or strong desire to void between 400 and 700 mL. Although 
many factors are involved in the initiation of micturition in 
adults, it is intravesical pressure that creates the sensation 
of distention that is primarily responsible for the initiation 
of a normal voluntarily induced emptying of the bladder. 
This also involves inhibition of the striated sphincter of the 
urethra and an inhibition of all aspects of any spinal sym- 
pathetic reflexes evoked during filling. A decrease in outlet 
resistance occurs with adaptive shaping and funneling of the 
relaxed bladder outlet leading to efficient voiding. Figure 
10.1 demonstrates a storage and micturition reflex in a neu- 
rologically intact female. 


Functional Classification of Lower Urinary 
Tract Dysfunction 


For one to be able to formulate the appropriate questions to 
be answered by a urodynamic study, the clinician must have 
a clear understanding of the possible or potential causes of 
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symptoms. The functional classification of lower urinary 
tract dysfunction as proposed and popularized by Wein 
(1981) is a simple, clinically relevant way of classifying 
lower urinary tract dysfunction. This is discussed in detail 
in Chapter 8. Wein proposed that functional abnormalities 
of the lower urinary tract can be broadly divided into failure 
of the bladder to adequately store urine or failure of the 
bladder to adequately empty. Failure of the bladder to store 
urine results from bladder overactivity (involuntary con- 
tractions or decreased compliance), decreased outlet resis- 
tance, heightened or altered sensation, or a combination of 
these various abnormalities. Failure of the bladder to empty 
results from decreased bladder contractility, increased outlet 
resistance, or a combination of both. Finally, a combined 
dysfunction of failure to store and empty is also potentially 
feasible. 

To use a functional classification appropriately, there must 
be an understanding of the physiology of urine storage and 
voiding as well as knowledge regarding the various disease 
states that can cause lower urinary tract dysfunction. The 
advantages of a simple classification such as this are that it 
helps to clarify treatment options for a given patient. Sim- 
ply determining whether there is a problem with storage, 
emptying, or both as well as assessing bladder and urethral 
(outlet) function can commonly lead to a correct urody- 
namic diagnosis with institution of appropriate therapy. The 
clinician should always focus on the urodynamic finding that 
is most likely to explain a particular symptom; and more 
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FIGURE 10.1 A, Typical storage reflex in a neurologically intact woman; note increased electromyographic (EMG) activity during filling, 
coughing, straining, and an uninhibited detrusor contraction. This indicates an intact synergistic pelvic floor response. B, Typical micturition 
reflex in a neurologically intact woman. Note complete loss of EMG activity simultaneous with an increase in detrusor pressure at initiation of 
voiding. IDC, involuntary detrusor contraction; Paba, intraabdominal pressure; Pae detrusor pressure; Pyre, urethral pressure; Pyes, intravesical 


pressure. 
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importantly how a particular finding may ultimately affect 
the patient and her subsequent treatment. See Table 10.1 for 
a variety of disease states categorized using this classification. 


Role of Urodynamics in Clinical Practice 


Although urodynamic testing has been frequently used in 
the evaluation of women with lower urinary tract dysfunc- 
tion, level 1, evidence-based “indications” for its use are 
surprisingly few. The clinical question that must always be 
asked is, will the results of a urodynamic evaluation either 
alter the outcome of the proposed management plan or 
be able to identify a potentially life-threatening situation 
(e.g., neurogenic voiding dysfunction). Urodynamic stud- 
ies should be considered in clinical situations in which the 
testing is felt to be needed to make an accurate diagnosis 
or to determine the impact of a disease state that has the 
potential to cause irreversible damage to the urinary tract, 
such as spinal cord injury. Hosker et al. (2009) summarized 
the role of urodynamics in clinical practice by listing the 


Table 10.1 Modified Functional Classification of 


Voiding Dysfunction 


I. Failure to Store 


1. Bladder abnormality 
a. Detrusor overactivity 
1) Involuntary contractions 
a) Idiopathic 
b) Inflammatory 
c) Outlet obstruction 
d) Neurogenic 
2) Impaired compliance 
a) Neurogenic 
b) Fibrosis 
c) Idiopathic 
3) Combination 
b. Bladder hypersensitivity 
1) Infection/inflammation 
2) Idiopathic 
3) Psychologic 
4) Neurogenic 
5) Combination 
2. Incompetent outlet 
a. Urodynamic SUI 
1) Anatomic (hypermobility) 
2) ISD 
3) Combination 
b. Neurologic disease 
1) ISD 


Il. Failure to Empty 


1. Bladder abnormality 
a. Neurogenic 
b. Idiopathic 
c. Myogenic 
d. Psychogenic 
2. Outlet abnormality 
a. Anatomic 
1) Obstruction—postincontinence surgery 
2) Distortion—(prolapse) 
3) External compression 
b. Functional 
1) Smooth sphincter dyssynergia 
2) Striated sphincter dyssynergia 
3) Dysfunctional voiding 
c. Combination 


ISD, intrinsic sphincter deficiency; SUI, stress urinary incontinence. 


following situations in which urodynamic studies should be 
considered. 

1. To identify or rule out factors contributing to lower 
urinary tract dysfunction and assess their relative 
importance. 

2. To obtain information about other aspects of lower 
urinary tract dysfunction. 

3. To predict the consequences of lower urinary tract 
dysfunction on the upper tract. 

4. To predict the outcome including undesirable side 
effects of a contemplated treatment. 

5. To confirm the effects of an intervention or understand 
the mode of action of a particular type of treatment 
(especially a new one). 

6. To understand the reasons for failure of previous 
treatments for symptoms or for lower urinary tract 
function in general. 


Urodynamic Equipment 


The (ICS) has developed recommendations for the mini- 
mum requirements for the equipment used to conduct 
urodynamic studies. These include three measurement 
channels, two for pressure and one for flow, a display on 
either a printer or a monitor, and a method of secure stor- 
age of the recorded pressures (Schaefer et al., 2002). The 
infused volume and voided volume may be recorded graphi- 
cally or numerically. There also must be a method of event 
recording to mark information about sensation, leakage, and 
additional comments during the study. Cystometry trans- 
ducers are devices that convert an applied pressure into an 
electrical signal. Pressure to be measured may be transmitted 
to the transducer using an open-ended or sealed catheter 
filled with liquid or gas or directly when the transducer 
is small and mounted on the tip of the catheter (microtip 
transducer). The transducer is normally calibrated against 
atmospheric pressure with a zero reference level being the 
superior edge of the symphysis pubis. The customary unit of 
measurement for pressure during urodynamics is cm H30. 
The standard catheter for routine urodynamics is a trans- 
urethral double lumen catheter (Schaefer et al., 2002). The 
urethral catheters should be as small as possible but not 
too small as to dampen pressure transmission or limit the 
desired filling rate. The smallest available is a six French 
double lumen catheter this allows the fill and void sequence 
to be repeated without recategorization. 

More recently, air charged-catheters have become popular 
for pressure measurement (T-Doc, Wenonah, NJ). These 
catheters have a miniature air-filled balloons placed circum- 
ferentially around a polyethylene catheter. The catheters 
are disposable, single use. Practical advantages over fluid 
filled pressure lines revolve around the fact that there is 
no hydrostatic pressure effect to account for, so there is no 
need to position anything at the level of the symphysis pubis 
or to flush the system through to exclude air that is essential 
when using a fluid-filled system. With that said, many uro- 
dynamic “standard measurements” have been determined 
using fluid-filled systems. Although there is comparative 
evidence for the use of air-charged catheters to measure 
urethral pressure, to date there are no studies comparing 
air charged catheters to fluid-filled catheters for measuring 
intravesical and intraabdominal pressure. 
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Although it is beyond the scope of this chapter to dis- 
cuss the various commercially available urodynamic sys- 
tems, most are computer-based digital systems that allow 
for easy data storage and postprocessing of the study. 
Available systems can range in price from several thousand 
dollars to more than $100,000 for a video urodynamic 
system (see Chapter 11). Despite constant nuances in 
systems and software, the clinician performing the study 
remains the most important constant in data collection and 
interpretation. In certain clinical settings, a simple three- 
channel system (Fig. 10.2) may be adequate, whereas 
large referral centers that evaluate complex cases or have 
a high percentage of patients with neurogenic bladder may 
require a more sophisticated system with the potential for 
video assessment (Fig. 10.3). Recently urodynamic sys- 
tems that are wireless and use Bluetooth technology have 
become available (Goby, Laborie; Williston, VT). These 
systems have the advantage of allowing more patient flex- 
ibility and privacy as the catheters are not tethered to the 
urodynamic machine, because a “wireless transmission” 
(up to 30 m) brings the signal from the transducer to the 
urodynamic machine. 


Performing a Urodynamic Evaluation 


Urodynamic procedures should be performed with a clear 
indication and with a specific question or questions that 
hopefully can be answered by the study. The procedure 
needs to be performed interactively with the patient and 
should include continuous and careful observation of the 
collected data. Artifacts are best corrected as they occur 
because they are often difficult to correct after the study 
is completed. It is valuable for the urodynamicist to have 
a clear understanding of the patient’s symptoms, practical 


Filling 


catheter JJ 


Bladder pressure catheter 


experience with the equipment being used, and an under- 
standing of quality control, with the ultimate goal of deter- 
mining whether the questions that were attempted to be 
answered have been appropriately addressed. Obviously a 
prerequisite to this is a good understanding of pertinent 
anatomy and physiology of the lower urinary tract as well 
as biomechanics and physics of the urodynamic study. 
The test should be explained to the patients in advance. 
Although complications are rare, certain morbidities such 
as urinary retention, hematuria, urinary tract infection, and 
pain can occur. 

Based on the American Urological Association (AUA) 
“Best Practice Policy Statement” assuming the prepro- 
cedure urine is negative for a urinary tract infection, pre- 
procedure antibiotic prophylaxis is not indicated except in 
high-risk patients (Table 10.2). The antimicrobial agents of 
choice are fluoroquinolones or trimethoprim/sulfamethoxa- 
zole. In patients who are allergic to both medications, the 
alternatives include a combination of aminoglycosides and 
ampicillin, first- or second-generation cephalosporin, or 
amoxicillin/clavulanate. If preprocedure urinary tract infec- 
tion is diagnosed, the condition should be treated before the 
procedure. The American Heart Association no longer recom- 
mends the use of antibiotic prophylaxis before genitouri- 
nary procedures solely to prevent infective endocarditis. For 
patients who have had previous orthopedic surgery, there is 
no indication for antibiotic prophylaxis if the urine culture 
is negative and patients are not high risk. 

Because micturition is normally a private act, the study 
setting should be quiet to provide as little distraction as pos- 
sible. There should be a limited amount of observers as pos- 
sible to minimize patient embarrassment. 

A list of problems or questions that should be solved or 
answered by the urodynamic studies should be made before 
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FIGURE 10.2 Subtracted cystometry. Intravesical and intraabdominal pressures are measured, and true detrusor pressure is electronically 
derived (Pyes — Paba). Pves, bladder pressure; Paba, abdominal pressure; Pae detrusor pressure. 
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any testing is performed. A good practice is to decide on 
the questions before starting the study and then potentially 
design the study to answer those questions with the idea 
of customizing every study to a specific patient. It is also 
important to explain to the patient exactly why the tests are 
being performed and how the results may affect the treat- 
ment plan that will be proposed. The following is a brief 
description of the various tests that can be performed during 
a urodynamic evaluation. 

1. Postvoid residual (PVR) urine volume. This is an 
objective assessment of how well a woman empties 
her bladder. It can be performed by ultrasound or 
bladder scan or direct catheterization. An elevation of 
the PVR indicates a problem with emptying but does 
not really provide any information regarding the etiol- 
ogy of the dysfunction. A persistently elevated PVR 
may prompt further testing. Although no specific 
number has been agreed on to define what a normal 
PVR is, most would agree that a PVR less than 50 mL 


test starts when filling commences and ends when 
the patient and urodynamicist decide that permission 
to void has been given. Although single-channel cys- 
tometry has been described, it is recommended that 
subtracted CMG be performed using the total vesical 
pressure and abdominal pressure by catheter place- 
ments in the bladder and rectum or vagina to calculate 
the true detrusor pressure, which is the vesical pres- 
sure minus the abdominal pressure. Also, leak point 
pressure measurements are obtained during filling 
cystometry. 


. EMG is the study of electronic potentials produced 


by the depolarization of muscle membranes. In the 
case of urodynamics, EMG measurement is usu- 
ally performed with patch electrodes, placed in 
close proximity to the striated sphincter muscles 
of the perineum. The test is mostly used to assure 


or a PVR less than 80% of the total bladder volume Table 10.2 Patients at High Risk for Infection 


would be considered normal. 


2. Uroflowmetry is a measurement of the rate of urine Advanced age 


flow over time (Fig. 10.4). It is also an assessment of 
bladder emptying. A normal uroflow is a bell-shaped 


Anatomic anomalies of the urinary tract 
Poor nutritional status 


Smoking 
curve (Fig. 10.5). When the flow rate is reduced Chronic corticosteroid use 
or the pattern is altered, this may indicate bladder Immunodeficiency 


underactivity or bladder outlet obstruction. 
3. Cystometrogram (CMG). Filling cystometry is the 


Externalized catheters 
Colonized endogenous/exogenous material 
Distant coexistent infection 


method by which the pressure/volume relationship Prolonged hospitalization 


of the bladder is measured during bladder filling. The 
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FIGURE 10.3 Multichannel urodynamics. Intravesical, intraabdominal, and intraurethral pressures are measured. True detrusor pressure (Paet) 
and urethral closure pressure (Pucp) are electronically derived. EMG and flow studies are also performed. Pyes, Bladder pressure; Paba, abdominal 


pressure; Pye, detrusor pressure; Pure, urethral pressure; Pucp 


urethral closure pressure; EMG, electromyography. 
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appropriate coordination between the pelvic floor 
muscles and lower urinary tract. EMG activity is mea- 
sured during both filling and voiding. 

. Urethral pressure profilometry (UPP). These are 
measurements of the intraluminal pressure along the 
length of the urethra. The urethral pressure is defined 
as the fluid pressure needed to just open a closed ure- 
thra. The UPP is obtained by withdrawal of a pressure 
sensor catheter along the length of the urethra. 

. Pressure flow studies of voiding are the method by 
which the relationship between pressure in the blad- 
der and urine flow rate is measured during blad- 
der emptying. Detrusor pressure is measured with 
a simultaneous measurement of flow. The voiding 
phase starts when permission to void is given or when 
uncontrollable voiding begins and ends when the 
patient considers voiding has finished. 


vagina and taped to the inside of the leg. If the patient 
has severe vaginal prolapse or has undergone previ- 
ous vaginal surgery resulting in a narrowed vagina, the 
catheter is placed into the rectum. A dual microtrans- 
ducer catheter with a filling port is then placed into 
the bladder. The patient is moved to a sitting posi- 
tion and the catheter secured to a mechanical puller 
(if urethral pressure studies are anticipated) or to the 
inside of the leg, so that the proximal transducer is 
near the mid-urethra (area of maximum urethral clo- 
sure pressure). 


. After the catheters are appropriately placed, the 


subtraction is checked by asking the patient to 
cough. Cough-induced pressure spikes should be 
seen on the intravesical pressure (P,.,), intraab- 
dominal pressure (P ba), and urethral pressure (Pure) 
channels, but not on the true detrusor pressure 


channel. If there is an inappropriate deflection on 
detrusor pressure (Pye), it is usually secondary to 
inaccurate placement of the vaginal (or rectal) cath- 
eter. If repositioning the catheter does not correct 


Figure 10.6 demonstrates a typical setup for a multichan- 
nel urodynamic assessment. The technique of performing a 
full urodynamic assessment in our laboratory is as follows: 

1. The patient presents with a symptomatically full blad- 


der. She voids spontaneously in a uroflow chair. A PVR 
urine volume is obtained via a transurethral catheter. 


2. With the patient in the supine position on a urody- 


namic chair, the abdominal catheter is placed into the 


FIGURE 10.4 Special commode and flowmeter used for spontane- 
ous uroflowmetry. 


the problem, all connections and calibration tech- 
niques should be rechecked. 

4. Bladder filling is begun. First sensation, first desire to 
void, and strong desire to void are recorded. Through- 
out the filling portion of the examination, the patient 
is asked to perform provocative activities, such as 
coughing and straining. The external urethral meatus 
is constantly observed for any involuntary urine loss. 
The first set of provocative maneuvers should be 
performed at a volume between 150 and 250 mL. If 
the patient has urodynamic stress incontinence leak 
point pressures can be obtained. Any abnormal rise in 
true detrusor pressure is noted. If the patient’s symp- 
toms are reproduced during filling, then the test can 
be completed in the sitting position. If they are not, 
the patient should be asked to stand and repeat pro- 
vocative maneuvers in an attempt to reproduce her 
symptoms. 

5. At the completion of filling, urethral pressure and 
flow studies can be performed, if indicated. 
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FIGURE 10.5 Graphic representation of normal uroflow curve. 
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FIGURE 10.6 Set up for urodynamic testing. The patient is typically seated on the urodynamic chair after the catheters have been placed. 
Abdominal and vesical pressures are measured by catheters in the bladder and vagina or rectum. The machine automatically calculates true 
detrusor pressure (Pye) by subtracting intraabdominal pressure (Paba) from intravesical pressure (Pyes). Electromyography (EMG) activity using 


surface electrodes and urinary flow are also measured. 


Figure 10.7 illustrates an example of filling and voiding 
urethrocystometry. No urodynamic abnormalities are noted 
in this study. 


Interpretation of Specific Tests 
Uroflowmetry 


Uroflowmetry is noninvasive, inexpensive and is best used 
as a screening test for patients who may have voiding dys- 
function. Many clinicians feel that uroflowmetry should 
routinely precede all other urodynamic studies. It is easy to 
perform and quickly provides data on both storage and emp- 
tying symptoms. The study should be conducted with as 
much privacy as possible with patients being asked to void 
when they feel they have a normal desire. Addition of a PVR 
measurement usually by ultrasound adds value to this study. 
Normal voiding includes a detrusor muscle contraction, 
coordinated bladder outlet relaxation, low voiding pressure, 
and a smooth arc-shaped flow curve (Schäfer et al., 2002). 
It should be noted that uroflowmetry alone is insufficient to 
diagnose bladder outlet obstruction because it cannot dis- 
tinguish true obstruction from poor detrusor contractility. 
Because small voided volumes affect the curved shape only 
voided volumes of at least 150 mL are interpretable (Fig. 
10.8). Because women have very short urethras with mini- 
mal outlet resistance, generally speaking the only factors 
influencing female outflow are the strength of the detrusor 


muscle, the urethral resistance, and the degree of relaxation 
of the sphincter mechanism. The most common conditions 
associated with increase in outlet resistance are previous 
anti-incontinence surgery or significant anatomic distortion 
usually from pelvic organ prolapse. 

Urine flow may be described in terms of flow rate 
and flow pattern and may be continuous or intermittent. 
Flow rate (Q) is defined as the volume of fluid expelled 
via the urethra per unit time and is expressed in milliliters 
per second (mL/sec). Certain information is necessary in 
interpreting the tracing, including the volume voided, the 
environment and position in which the patient passed urine, 
whether the bladder filled naturally or by a catheter, and 
whether diuresis was stimulated by fluid or diuretics. If fill- 
ing was by catheter, the type of fluid used should be stated; 
it should also be stated whether the flow study was part 
of another investigation. Maximum flow rate (Qmax) is the 
maximum measured value of the flow rate after correction 
for artifacts. Voided volume is the total volume expelled via 
the urethra. 

Flow time (Qtime) is the time over which measurable flow 
occurs. Average flow rate (Q,ye) is voided volume divided by 
flow time. The average flow should be interpreted with cau- 
tion if flow is interrupted or if there is a terminal dribble. 
Time to maximum flow is the elapsed time from onset of 
flow to maximum flow. 

Most experts agree that one can consider a study nor- 
mal if the patient voids at least 200 mL over 15 to 20 s, 
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FIGURE 10.7 Normal filling and voiding subtracted cystometry. Note that provocation in the form of coughing and straining does not pro- 
voke any abnormal rise in true detrusor pressure. At maximum capacity on command, a detrusor contraction is generated and voiding is initi- 


ated. USUI, Urodynamic stress urinary incontinence. 


and it is recorded as a smooth single curve with a maxi- 
mum flow rate greater than 20 mL/sec (Fig. 10.5). Maxi- 
mum flow rates of less than 15 mL/sec, with a voided 
volume greater than 200 mL, are generally considered 
abnormal. However, because flow rate is determined 
by the relationship between detrusor force and urethral 
resistance, and because these factors may vary consider- 
ably and still produce adequate bladder emptying, a pre- 
cise definition of a normal or a low flow rate cannot be 
made. The maximum urinary flow rate (MUFR) and aver- 
age urinary flow rate are the two most important uroflow- 
metry parameters. 

The clinical usefulness of uroflowmetry has been ham- 
pered by the lack of absolute values defining normal limits. 
These normal limits would need to be over a wide range 


of voided volumes ideally in the form of nomograms. Hay- 
len et al. (1989) performed uroflowmetry on 249 female 
volunteers between ages 16 and 63. Uroflowmetry was 
performed on each woman in a completely private envi- 
ronment, and a second uroflow study was obtained in 
46 of those women. The MUFR and the average urinary 
flow rate of the first voids were compared with respective 
voided volumes. By using statistical formulations of both 
voided volumes and urine flow rates, relationships between 
the two variables were obtained. This allowed the con- 
struction of nomograms that are shown in Figure 10.9. The 
previously described nomograms refer to free flowmetry 
voids and are not applicable to flow rates obtained during 
a pressure-flow study, because all urethral catheters can be 
expected to have the effect of decreasing urine flow rates 
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Uroflowmetry 


Voided volume = 90 mL 
Flow time = 18.3 sec 
Max flow = 10 mL/sec 


Ove! FIGURE 10.8 Uroflow curve 
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FIGURE 10.9 A, Liverpool maximum flow rate nomogram for women; curves are centiles. B, Liverpool average flow rate nomogram for 


women; curves are centiles. 


for the equivalent voided volume. In 1999, Haylen et al. 
completed a further study of 250 symptomatic women who 
were consecutive referrals for urogynecologic assessment, 
which included urodynamics. Flow data for these women 
were converted to centiles from the Liverpool nomograms. 
They noted a decreased flow rate in symptomatic women, 
in general, and specifically in women with genital prolapse. 
In contrast to asymptomatic women, there is a decline in 
flow rates with age, and final urodynamic diagnosis shows 
that women with various combinations of stress inconti- 
nence, overactive bladder, or voiding dysfunction have 


flow rates that are significantly different than those of 
asymptomatic women. 

Curve patterns refer to the configuration of the uro- 
flowmetric curve. Continuous flow that shows a rapidly 
increasing flow rate that reaches the maximum within one 
third of the total voiding time is usually considered normal 
(Fig. 10.104). Figure 10.10B demonstrates what has been 
termed a superflow pattern in which there is a very rapid 
acceleration to a high MUFR. 

Flow is considered intermittent when the flow rate 
drops and subsequently increases. Intermittent flow rates 
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FIGURE 10.10 Graphic representation of various uroflow patterns. A, Normal curve; voided volume of 145 mL; MUFR 23 mL/sec. B, Super- 
flow pattern; voided volume of 330 mL; MUFR 49 mL/sec. C, Intermittent flow rate with multiple peak pattern. This tracing is characteristic of 
voluntary urethral sphincter activity. D, Intermittent flow rate with interrupted pattern. This is a characteristic pattern seen when abdominal 
pressure is used to expel urine. E, Reduced urine flow rate secondary to detrusor outflow obstruction. MUFR, maximum urinary flow rate. 


are described as multiple-peak patterns when there is a 
downward deflection of the flow rate that does not reach 
2 mL/sec (Fig. 10.10C). When the downward deflection 
of the flow rate reaches 2 mL/sec or less (Fig. 10.10D), 
an interrupted pattern occurs. Obstructed voiding patterns 
are much less common in women than in men and usually 
produce a low, flat tracing (Fig. 10.10E). 

Abnormal uroflowmetric parameters can occur second- 
arily to factors that affect detrusor contractility, urethral 
resistance, or both. Also inappropriate contraction of pel- 
vic floor muscles can affect flow rates. Detrusor contracti- 
lity can be affected by neuropathic lesions, pharmacologic 
manipulation, intrinsic detrusor muscle or bladder wall 
dysfunction, or psychogenic inhibition. Urethral resistance 
can be altered by tissue trophic changes producing atrophy 


or fibrosis, drug effects such as a-adrenergic stimulators or 
blockers, neuropathic striated muscle contraction, pain or 
fear, and urethral axis distortion secondary to severe pelvic 
organ prolapse. Outlet obstruction secondary to an intra- 
urethral lesion or stricture is exceedingly rare in women. 
Extraurethral lesions, such as vaginal masses or cysts, or a 
large enterocele or rectocele may externally compress the 
urethra, resulting in obstructed voiding. Inability to relax 
pelvic floor muscles appropriately can cause prolonged flow 
times. This may occur after a traumatic delivery or pelvic 
floor reconstructive surgery as well as any disease state that 
causes vaginal pain. Detrusor-external sphincter dyssynergia 
is a condition in which there is lack of coordination between 
the detrusor muscle and the external striated urethral 
sphincter. This leads to obstructed voiding and is always 
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FIGURE 10.11 Filling cystometry; first sensation, fullness and maximum capacity are noted. Detrusor remained stable during filling and no 


stress incontinence was demonstrated. 


secondary to a neurologic lesion, most classically high spinal 
cord trauma (see Chapter 11). In the nervous and anxious 
but neurologically intact patient, the urethra may be closed 
by pelvic floor contracture. Urethral closure may be due to 
contraction of the intraurethral striated muscle or a contrac- 
tion of the pelvic floor musculature. This condition has been 
termed dysfunctional voiding. 

If uroflow measures are normal in patients complaining 
of symptoms of voiding difficulty, further investigation is 
unnecessary, but abnormal flow rates may require further 
urodynamic testing. 

Uroflowmetry is a simple urodynamic investigation 
that is useful as a preliminary screening test to distinguish 
patients who need more extensive studies from those who 
do not. Uroflowmetry is also an integral part of a full urody- 
namic study performed for more complex problems. 


Filling Cystometry 


Cystometry is the urodynamic study used to describe the 
pressure/volume relationship of the bladder. One should 
also collect information on bladder sensation during filling. 
Normal bladder sensation is usually judged at three defined 
points: a first sensation of bladder filling, a first desire to 
void, and a strong desire to void (Fig. 10.11). Although spe- 
cific parameters are not given for these various changes in 
sensation, increased bladder sensation is defined as an early 
first sensation of bladder filling or an early strong desire to 
void that occurs at what is felt to be a low bladder volume 


and ultimately persists, while reduced bladder sensation is 
a diminished sensation through bladder filling. Detrusor 
pressure during filling should be very low with no involun- 
tary contractions. Detrusor overactivity (DO) is defined as 
involuntary detrusor contractions during filling that may be 
spontaneous or provoked (Fig. 10.12). DO is classified as 
either neurogenic when there is a relevant neurologic condi- 
tion or idiopathic when there is no identifiable cause (see 
Appendix). Bladder compliance describes the relationship 
between the change in bladder volume and change in detru- 
sor pressure. Compliance is calculated by dividing the volume 
change AV by the change in detrusor pressure AP go, dur- 
ing that change in bladder volume. It is expressed in mL/ 
cm H2O. Although it is difficult to define what normal 
compliance is in terms of mL/cm H,O, several authors 
have shown the mean values for compliance in healthy sub- 
jects range from 46 to 124 mL/cm H2O (Sørensen et al., 
1989; Van Waalwijk Van Doorn et al., 1992; Hosker, 2009). 
Because of these wide-ranging values, it is more practical 
from a clinical standpoint to use absolute pressure instead of 
a compliance number. For example, it has been shown that 
urine storage pressure greater than 40 cmH,O can be asso- 
ciated with harmful effects to the upper tract (McGuire 
et al., 1981). Also, depending on the clinical scenario, com- 
pliance in terms of mL/cm HO can mean different things. 
However, in general, prolonged storage at high pressures can 
lead to upper tract deterioration. 

When there appears to be an abnormal rise in true detru- 
sor pressure, the urodynamicist must determine if this rise 
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FIGURE 10.12 Filling cystometry in a patient with detrusor overactivity; note two uninhibited bladder contractions occurred during the filling 


portion of the test. 
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FIGURE 10.13 Multichannel filling cystometry in a patient with poor bladder compliance. Note steady rise in true detrusor pressure with 


plateaus when filling stops and increases when filling is resumed. 


is due to poor bladder compliance (Fig. 10.13) or best clas- 
sified as DO (Fig. 10.14). Abnormal bladder compliance is 
going to be more common in certain subsets of patients, 
including women with neurogenic disease, a history of radia- 
tion or multiple bladder surgeries, multiple bladder tumor 


resections, a defunctionalized bladder after long-term 
anuria, long-term indwelling catheterization, recurrent bladder 
infections, or with long-standing bladder outlet obstruction. 
In patients with abnormal bladder compliance during filling 
cystometry, there will be a steep rise in detrusor pressure 
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FIGURE 10.14 Multichannel filling cystometry in a patient with detrusor overactivity. Note detrusor pressure returns to baseline after completion 


of contraction. 


that is usually parallel to bladder filling. Abnormal compli- 
ance is related to filling; DO is not. Most of the time if 
you stop infusing fluid the detrusor pressure will plateau 
in cases of low compliance but continues to rise toward the 
peak with DO (Figs. 10.11 and 10.12). With continuation 
of filling, assuming there is no “pop-off” affect as noted 
by leakage from the urethra or vesicoureteral reflux (see 
Chapter 11), the detrusor pressure will continue to rise in 
low compliance but a detrusor contraction will usually end, 
resulting in a significant drop in detrusor pressure ultimately 
returning to the baseline pressure before the DO. 

The condition of urodynamic stress incontinence is 
defined as involuntary loss of urine simultaneous with a 
rise in abdominal pressure in the absence of any rise in true 
detrusor pressure (Fig. 10.15). This diagnosis is made dur- 
ing filling cystometry. Provocation in the form of coughing, 
straining, and heel bouncing in the sitting and if necessary 
standing position should be performed at different volumes 
throughout the testing session. Once the diagnosis is made, 
Valsalva and cough leak point pressure measurements can be 
obtained if felt to be clinically indicated. 


Leak Point Pressures 


There are two distinct types of leak point pressures that 
can be measured in an incontinent patient. The first is an 
abdominal leak point pressure sometimes termed either 
a valsalva leak point pressure (VLPP) or cough leak point 
pressure (CLPP); the second is a detrusor leak point pres- 
sure (DLPP). These pressures are independent of each 
other and conceptually measure completely different 
things. An abdominal leak point pressure is a measure of 
the intrinsic sphincter strength of the urethra or its ability 
to resist leakage with increases in abdominal pressure. It 
is specifically defined as the intravesical pressure in which 
urine leakage occurs because of an increased abdominal 


pressure in the absence of a detrusor contraction. Thus 
it is an objective assessment of the amount of abdominal 
pressure required to overcome outlet resistance and create 
leakage. This test is applicable to patients with urodynamic 
stress incontinence. Theoretically the lower the abdomi- 
nal leak point pressure, the weaker the sphincter. There is 
no normal abdominal leak point pressure because patients 
without stress incontinence will not leak at any volume or 
physiologic abdominal pressure. The pressure should be a 
measure of the total abdominal pressure required to cause 
leakage not the change in pressure. The reading is taken 
from the vesicle channels because it is usually a cleaner 
channel to obtain the pressure assuming there are no invol- 
untary contractions of the detrusor. A valsalva effort is 
the most reliable method of provocation, however if the 
patient cannot valsalva on command coughing can be used 
(Figs. 10.16 and 10.17). 

The second type of leak point pressure is the DLPP which 
is a measure of detrusor pressure in patients with decreased 
bladder compliance. It is defined as the lowest detrusor pres- 
sure at which urine leakage occurs in the absence of either 
a detrusor contraction or an increase in abdominal pres- 
sure. From a clinical perspective, a DLPP is most useful in 
patients with lower motor neuron disease causing decentral- 
ization and rarely in nonneurogenic patients with abnormal 
bladder compliance, which can occur after multiple bladder 
surgeries, radiation therapy, tuberculosis cystitis as well as 
other rare situations or conditions. In general, the higher 
the DLPP the more likely the upper urinary tract could be 
damaged because of intravesical pressure being transferred 
to the ureters and the kidneys. McGuire (1981) showed the 
detrusor leak point pressures greater than 40 cm H20 would 
result in hydronephrosis or vesicoureteral reflux in 85% of 
myelodysplastic patients. (For a more detailed description 
of conditions resulting in abnormal detrusor compliance and 
high DLPP, see Chapter 11.) 
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FIGURE 10.15 Filling cystometry demonstrating the condition of urodynamic stress incontinence. Urine leakage occurred simultaneous with 
a cough (rise in intraabdominal pressure) in the absence of any rise in true detrusor pressure. 


Urethral Pressure Profilometry 


A UPP indicates the intraluminal pressure along the length 
of the urethra with the bladder at rest. The maximum ure- 
thral pressure is the maximum pressure of the measured 
profile. The maximum urethral closure pressure is the dif- 
ference between the maximum urethral pressure and the 
intravesical pressure. The functional urethral length (FUL) 
is the length of the urethra along which the urethral pres- 
sure exceeds the intravesical pressure and the anatomic ure- 
thral length is the total length of the urethra. The pressure 
transmission ratio is the increment in urethral pressure on 
stress as a percentage of the simultaneously reported incre- 
ment in vesical pressure. 

Urethral pressure profilometry involves the withdrawal 
of a catheter through the urethra at a constant rate of 
speed. Pressure is measured along the entire urethral length 
as well as in the bladder. Urethral pressure profilometry 
can be performed using open or balloon catheters perfused 
with liquid or gas, catheter mounted (microtip) transduc- 
ers, or fiberoptic catheters, as well as air-charged (T-Doc) 
catheters (Fig. 10.18). 

Normal values for maximal urethral closure pressure 
(MUCP) and FUL vary widely among women; however, 
most continent women will have a FUL of approximately 
3 cm and an MUCP between 40 and 60 cm H3O. Although 
many authors have used an MUCP of less than 20 cm H2O 
to define intrinsic sphincter deficiency in women with stress 
urinary incontinence (SUI), this definition has many of the 


same problems that hamper the definition and diagnosis of 
intrinsic sphincter deficiency. 

In 2002 the ICS standardization subcommittee con- 
cluded that the clinical utility of UPP is unclear (Lose and 
Brostrøm, 2002), stating that there are no urethral pressure 
measurements that 

1. Discriminate urethral incompetence from other 

disorders. 

2. Provide a measure of the severity of the condition. 

3. Provide a reliable indicator to surgical success. 


Electromyography 


EMG studies have become popular components within a 
urodynamic assessment. Muscle depolarization is detected 
by an electrode placed in or near a muscle. The test can be 
done with needle or surface electrodes; however, surface 
electrodes with self-adhesive skin patches that are applied 
over the skin of the anal sphincter are the most commonly 
used during a urodynamic assessment. The surface elec- 
trodes have a significant advantage over needle electrodes 
regarding patient convenience and comfort as well as ease 
of doing the test. Although using a concentric needle elec- 
trode is a superior technique for obtaining a signal source 
of EMG activity of the striated external urethral sphincter 
muscle, the information obtained by the perianal surface 
electrodes will suffice in the evaluation of most women 
with lower urinary tract dysfunction. In a neurologically 
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FIGURE 10.16 A, Graphic representation of Valsalva leak point pressure measurement at bladder volumes of 150 and 300 mL. Leak point 
pressures tend to decrease with increased bladder volume. B, Graphic representation of cough leak point pressure at bladder volumes of 
150 and 300 mL. Note the difficulty involved in isolating the cough that generates the minimal amount of abdominal pressure required to 


produce leakage. 


intact individual, EMG activity should increase during 
filling and provocation to prevent any leakage. Normal 
voiding requires external sphincter relaxation followed 
by contraction of the detrusor. Failure of the sphincter 
to relax or stay completely relaxed during micturition 
is abnormal. Thus, normally, EMG activity decreases 
before a voluntary bladder contraction; however, it is not 
abnormal for EMG activity to increase with an involun- 
tary contraction as part of a guarding reflex to inhibit the 
detrusor contraction. Some question the clinical utility of 
routine EMG during urodynamic performance and others 
argue that it remains a good objective method to assure 
appropriate synergistic responses during filling, voiding, 
and provocation. 


Pressure-Flow Studies 


Because uroflowmetry can provide only limited informa- 
tion, pressure-flow studies represent a natural progression. 
Flow rate depends on both the outlet resistance and the 
contractile properties of the detrusor and on the volume of 
fluid in the bladder. A low flow rate may be associated with 


a high voiding pressure or a below-normal voiding pressure. 
Similarly, the finding of a normal flow rate does not exclude 
bladder outlet obstruction because normal flow may be 
maintained by a high voiding pressure. 

Some women have normal flow rates in the absence of a 
detrusor contraction. This may be because sphincteric relax- 
ation, either alone or assisted by increased intraabdominal 
pressure from straining, is sufficient to produce a normal 
flow rate. Pressure-flow studies are essential for a complete 
functional classification of lower urinary tract disorders and 
an objective assessment of the basis of a patient’s voiding 
dysfunction. 

These studies are usually performed after a cystometric 
evaluation. In most patients, it is clear when bladder filling 
should be stopped. However, if the patient has little sensa- 
tion, it is important to use the functional bladder capacity 
from the frequency—volume chart as a guide to cystomet- 
ric capacity. At this point, if a separate filling catheter is 
being used it is removed; the intravesical catheter is left 
in place. An intravaginal or intrarectal catheter records 
intraabdominal pressure to assess whether the patient uses 
a Valsalva maneuver to void and to electronically derive true 
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FIGURE 10.17 Filling cystometry. Valsalva leak point pressure of 92 cm H20 is noted in sitting position at a volume of 187 mL. 


detrusor pressure. Thus these studies involve the monitor- 
ing of abdominal, intravesical, and true detrusor pressure 
synchronously with flow (Figs. 10.19 and 10.21). External 
sphincter EMG activity and urethral pressure also may be 
measured. To ensure that proper pressure transmission is 
occurring, the patient should be asked to cough before being 
allowed to void. With the patient in a sitting position, she 
is then instructed to void to completion if possible. It is 
important during the voiding phase to respect the patient’s 
privacy. Few women are able to void in the presence of oth- 
ers, so it may be necessary for the practitioner to leave the 
room for her to initiate voiding. 

Pressure-flow studies are invasive because the patient is 
asked to void around catheters. It is important to appreciate 
the limitations of pressure-flow studies as well as the dif- 
ferences between the patient’s performance during urody- 
namic testing and her normal voiding. This is best judged by 
asking the patient and by comparing the noninstrumented 
urine flow rate with the flow rate obtained from the pres- 
sure-flow study. 

Voiding in a urodynamic laboratory can be affected by a 
variety of factors. It is estimated that approximately 30% of 
women who void without problems at home are unable to 
void on command in the urodynamic laboratory. This is hardly 
surprising, because they are surrounded by complex equip- 
ment, have catheters in their bladder and vagina or rectum, 
and are usually being observed by strangers. 

Fast filling or overfilling of the bladder may make nor- 
mal voiding difficult. Studies that compared ambulatory 
urodynamics (natural bladder filling) with conventional 


urodynamics show that voiding pressures are higher with 
natural filling. This implies that the detrusor may be incom- 
pletely stimulated, partially inhibited, or mechanically less 
efficient if it is overfilled or filled too fast. 

During the voiding phase, the detrusor muscle may be 
normal, acontractile, or underactive. Normal voiding is usu- 
ally achieved by a voluntarily initiated continuous detru- 
sor contraction that is sustained and can be suppressed. An 
underactive detrusor during micturition implies that the 
detrusor contraction is of inadequate magnitude or dura- 
tion (or both) to effect bladder emptying within a normal 
time span. 

During voiding, urethral function may be normal or 
abnormal. A normal urethra opens during voiding and is 
continuously relaxed to allow the bladder to be emptied 
at a normal pressure. Abnormal urethral function may be 
secondary to urethral overactivity or a mechanical obstruc- 
tion, such as a urethral stricture or tumor. Bladder out- 
let obstruction for whatever reason is characterized by 
increased detrusor pressure and reduced urine flow rate, 
seen by observing the synchronous values of flow rate and 
detrusor pressure during voiding. In mechanical obstruc- 
tion, which is rare in females, the voiding pressures are 
constantly elevated. If the obstruction is caused by ure- 
thral overactivity, the voiding pressures may fluctuate. 
Urethral overactivity is characterized by the urethra con- 
tracting during voiding or the urethra failing to relax. In 
detrusor external sphincter dyssynergia, the patient’s pha- 
sic contractions of the intrinsic urethral striated muscle are 
simultaneous with the detrusor contraction. This produces 
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FIGURE 10.18 Technique of static urethral pressure profilometry 
with simultaneous measurement of bladder pressure. Study begins 
with both microtransducers in the bladder (top). As the catheter is 
mechanically withdrawn through the urethra (middle and bottom), 
urethral and bladder pressures are recorded. 


a very high voiding pressure and an interrupted flow. The 
urodynamic characteristic of this type of urethral overac- 
tivity is a fall in flow rate accompanied by a rising detrusor 
pressure that then falls when the urethra relaxes, leading to 
a resumption of urine flow. Another form of urethral over- 
activity is called dysfunctional voiding. This is most com- 
monly seen in children who are neurologically normal but 
complain of urinary incontinence or recurrent infections. 
The interrupted flow in these children is caused by pelvic 
floor overactivity rather than contractions of the intrinsic 
striated muscle. 

Depending on age, menopausal status, total voided 
volume, and the presence or absence of lower urinary 
tract dysfunction, women void by any combination of a 
detrusor contraction, abdominal straining, and urethral 
relaxation. 

It is difficult to ascertain whether abdominal straining 
that occurs during a pressure-flow study is real or artifactu- 
ally induced by the surroundings and presence of indwell- 
ing catheters. The patient should always be asked to void 


normally and in as relaxed a way as possible. If the patient 
has an acontractile detrusor, voiding can be achieved only 
by straining. If the detrusor contracts during voiding but 
the patient also strains, then the tracing is more difficult 
to interpret. It is also difficult to understand precisely 
what effect straining has on urine flow. In patients without 
obstruction, straining increases flow, but it does not produce 
the same increase in flow as that achieved by a detrusor 
pressure rise of the same magnitude. 

Although pressure-flow studies are an established and 
accepted urodynamic modality, what constitutes a normal 
voiding mechanism is poorly understood, as is the normal 
range for detrusor pressure during voiding in women. Most 
of the previously published literature has been derived from 
male subjects in whom pressures are abnormally high sec- 
ondary to outflow obstruction. 

Because there is no highly prevalent condition such 
as benign prostatic hypertrophy in women that causes 
female obstruction, it has been very difficult to establish 
nomograms. Because voiding dynamics differ in women, 
nomograms derived for men cannot be used in women. As 
mentioned, anatomic differences allow women to void by 
simply relaxing their pelvic floor, or increasing abdominal 
pressure by straining. Small elevations in detrusor pressure 
or decreases in flow rates, which might be considered insig- 
nificant in a male, may be consistent with bladder outlet 
obstruction in a female. Thus clinicians should always have 
a high index of suspicion for bladder outlet obstruction in 
women with a prior history of an anti-incontinence proce- 
dure, chronic cystitis, pelvic organ prolapse, or incomplete 
bladder emptying. 

Numerous investigators have attempted to establish 
cutoff values for pressure and flow to diagnosis outlet 
obstruction in women (Chassagne et al., 1998; Lemack 
and Zimmern, 2000). These studies however have some 
limitations in that obstruction was predefined clinically and 
only patients with anatomic obstruction were included. A 
more recent study by Defreitas et al. (2004) used normal 
asymptomatic women as the control group and found the 
highest sensitivity and specificity for predicting obstruction 
was obtained with Qmax less than 12 mL/sec and Pao Qmax 
greater than 25 cm H,O. 

The main clinical use of pressure-flow studies is to docu- 
ment the mechanism of abnormal voiding. If a patient has 
symptoms and signs of abnormal voiding, has low flow 
rates, and voids with a high detrusor pressure, she is prob- 
ably voiding against an obstruction. On the other hand, if a 
patient has low flow rates and voids with minimal or no rise 
in detrusor pressure, then her voiding dysfunction is prob- 
ably secondary to an acontractile or underactive detrusor. 
As previously mentioned, the limiting factor is that there is 
no clear cutoff between normal and abnormally high detru- 
sor pressure during voiding. 

The clinical setting in which pressure-flow studies are 
most useful in women is in the patient who has under- 
gone pelvic surgery and has developed postoperative 
voiding dysfunction. The dysfunction may be secondary 
to denervation, resulting in an underactive or acontrac- 
tile detrusor, but more commonly the dysfunction is sec- 
ondary to increased outlet resistance produced from the 
surgery. Voiding dysfunction or retention occurs in 3% to 
20% of patients after various operations to correct stress 
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FIGURE 10.19 Pressure-flow study in a patient who voids with urethral relaxation and bladder contraction. Note minimal Valsalva effort. 


incontinence. It is always a clinical dilemma whether ure- pressure with a low flow rate (Fig. 10.21), then she is 
throlysis or a takedown of the repair will restore normal obstructed and relieving the obstruction should improve 
voiding. Filling cystometry and pressure-flow studies may voiding (Nitti and Raz, 1994). 

be helpful in this setting. If the patient is able to void Although some previous studies have shown that a 
around a catheter and is noted to have a high detrusor preoperative pressure flow study may be predictive of 
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postoperative voiding dysfunction after an anti-inconti- 
nence procedure (Bhatia and Bergman 1984), others have 
shown the only true predictor is a preoperative elevated 
PVR volume (Kobak et al., 2001). Thus at the present time 
it remains controversial on whether there is a role for pre- 
operative pressure-flow studies in women with SUI and or 
pelvic organ prolapse as a predictor of postoperative voiding 
dysfunction. 


patient must be able to void around the catheters. 


Urodynamics and Specific Conditions 
Stress Urinary Incontinence 


The role of urodynamics in SUI in women has been recently 
debated. Urodynamic studies have been cited historically as 
being potentially beneficial in regards to diagnosing the con- 
dition of urodynamic stress incontinence, assessing urethral 
function with either VLPPs or maximum urethral closure 
pressures and also potentially predicting postoperative void- 
ing dysfunction based on preoperative pressure-flow studies. 

Recently much data have questioned any beneficial role 
in women with straightforward symptoms of stress inconti- 
nence in which the sign of stress incontinence is demonstra- 
ble in an office setting. Nager et al. (2012) published the 
results of the “Value study”, a study purely focused on the 
role of urodynamics in women with SUI. Women meeting 
criteria for an anti-incontinence procedure were random- 
ized to preoperative urodynamics or a simple office-based 
evaluation. The primary outcome of the study was treat- 
ment success determined by 70% reduction or more from 
baseline to 12 months in the urogenital distress inventory 
and a patient global impression of improvement response 
of “very much better” or “much better” at 12 months. 
Secondary outcomes sought to determine if preoperative 
urodynamic findings in women with stress predominant 
incontinence would affect surgical outcome, with the 
secondary outcomes being cost and utility of performing 
urodynamics. At 12 months, no significant difference was 
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FIGURE 10.21 Pressure-flow study in a patient that has voiding dysfunction after suburethral sling procedure. The study is consistent with outlet 


obstruction in that the flow is reduced and detrusor pressure is elevated. 


CHAPTER 10 Urodynamics: Indications, Techniques, Interpretation, and Clinical Utility 149 


seen between the urodynamic testing group and the office 
evaluation only group with respect to treatment success 
(76.9% and 77.2%, respectively). When secondary out- 
comes were examined, there were no difference between 
the two groups for changes in incontinence severity index 
or patient global impression of improvement. The study 
concluded that in a woman with straightforward symptoms 
of SUI urodynamics did not improve the rate of treatment 
success and thus showed no benefit over a simple office 
evaluation in which the sign of stress incontinence was 
objectively demonstrated. 

In the United Kingdom the National Institute of Health 
and Clinical Excellence issued in their October 2006 docu- 
ment the recommendation that urodynamics in women 
with pure SUI is no longer recommended. Urodynamics 
was indicated only in women with urinary incontinence 
where there was a clinical suspicion of either mixed inconti- 
nence (coexistent DO) or in those women who have previ- 
ously undergone surgery for SUI and developed recurrent 
incontinence, had previous anterior compartment prolapse 
surgery, and in women with symptoms suggestive of signifi- 
cant voiding dysfunction. 

In the Netherlands, the value of urodynamics before 
stress incontinence surgery (VUSIS, 2009) is a study that 
is ongoing to further assess this question. This multicenter 
randomized controlled trial is examining the role of uro- 
dynamic in women with symptoms of SUI who have uro- 
dynamics findings that are discordant from history and 
physical findings and are then randomized to receive either 
a midurethral sling or individual treatment. Individual treat- 
ment can include pessary, medical treatment, physiother- 
apy, or surgery at the discretion of the provider. Primary 
outcome will be clinical improvement in incontinence as 
measured by the validated Dutch version of the long form 
of the Urogenital Distress Inventory with a secondary out- 
come being cost. It is anticipated that after the results of the 
VUSIS in conjunction with the recent ValUE study the role 
of urodynamic in women with pure SUI and its cost will be 
better delineated. 

Urethral function or lack thereof has been tradition- 
ally assessed with urethral pressure profilometry and or 
VLPPs. Data from the SISTEr trial (Albo et al., 2007) 
indicated that VLPP did not correlate with several other 
indices of SUI severity as well as urodynamic parameters 
such as volume of first leakage, volume of first sensation, 
and presence of DO. In the trial of mid-urethral slings 
(TOMUS) (Richter et al., 2010), preoperative urodynam- 
ics was performed before randomization into a retropubic 
midurethral sling or a transobturator midurethral sling and 
repeated at 12 months after surgery. Patients and surgeons 
were blinded to the findings of the preoperative urody- 
namics so that they would not be influenced in their treat- 
ment decision. The study supported the fact that VLPP did 
not impact surgical outcome. The supine empty bladder 
stress test, which indicates a low threshold for leakage in a 
supine position with an empty bladder, was thought to cor- 
relate with more severe forms of incontinence and lower 
VLPPs; however, in a study by Nager et al. (2010), VLPP 
and urethral closure pressure showed a moderate correla- 
tion to each other but little to no correlation to the empty 
supine stress test. Measurement of maximum urethral clo- 
sure pressure is a technically demanding test with a great 


deal of variability in its reproducibility. This variability is 
evident in the numerous definitions of intrinsic sphincter 
deficiency as determined by the maximum urethral clo- 
sure pressure. Urodynamics studies from the TOMUS trial 
would suggest a limited future for the utilization of UPPs 
in clinical practice. 

A great deal of information is available on the potential 
use of urodynamics as a predictor of the development of 
lower urinary tract symptoms following anti-incontinence 
procedures. As previously mentioned, based on the results 
of the SISTEr trial the predictive value of a urethral function 
test specifically a VLPP was not confirmed. A similar study 
by Nager et al. (2008) also noted that there were no urody- 
namic predictors that could be identified as useful for pre- 
dicting the development of de novo postoperative DO after 
an anti-incontinence procedure. More recently, Lemack et al. 
(2008) published their findings on the relationship between 
VLPP and urodynamic study findings. Voiding dysfunction 
was defined as the need for surgical revision to improve 
voiding at any point 6 weeks postoperatively. In analysis 
of the 579 participants from the SISTEr trial, there were 
no urodynamic parameters that predicted which patients 
would develop voiding dysfunction following a pubovaginal 
sling or Burch colposuspension. Miller and Associates (2003) 
attempted to predict who will develop urinary retention fol- 
lowing a pubovaginal sling in a study of 98 women who had a 
cadaveric fascia lata sling for SUI. In the final analysis of the 
73 women who voided preoperatively without evidence of a 
detrusor contraction, 19% developed urinary retention post- 
operatively compared with 0% in those who voided with the 
detrusor contraction. The authors concluded that women 
who void with a weak or absent detrusor contraction are 
more likely to have postoperative urinary retention. Alperin 
et al. (2008) studied clinical and urodynamic parameters in 
200 women who underwent a retropubic synthetic midure- 
thral sling for SUI. In the final analysis, which included 92 
patients who were subjected to preoperative direct question- 
ing about their incontinence, none of the questions except 
increased daytime frequency was predictive of the develop- 
ment of de novo DO postoperatively. In addition, 56% of 
patients with a detrusor pressure greater than 15 cm H,O 
during filling cystometry developed de novo urge inconti- 
nence compared with 21% of patients whose pressure during 
filling cystometry was less than 15 cm H20. 

In a study of 79 women undergoing tension-free vagi- 
nal tape surgery for SUI Wang and Chen (2003) concluded 
that women with normal pressure flow studies were more 
likely to have a better quality of life and pad test results as 
compared with patients with abnormal pressure-flow stud- 
ies as determined by a Qmax of less than 12 mL/sec and a 
Poet Qmax Of greater than 20 cm H,O. Although these pre- 
liminary data may suggest a role for urodynamics before an 
anti-incontinence procedure to predict postoperative void- 
ing dysfunction and de novo urge incontinence, more con- 
clusive data are required to truly determine whether this 
information would truly impact the management of women 
with stress incontinence. 


Pelvic Organ Prolapse 


The role of urodynamic testing in predicting incontinence 
in women undergoing surgery for pelvic organ prolapse has 
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been debated for many years. At the present time, there 
is no question that symptomatic pelvic organ prolapse 
that causes anatomic distortion to the urethra and lower 
urinary tract can definitely mask the presence of urinary 
incontinence and will in a certain percentage of women 
become unmasked after surgical correction of the prolapse. 
In 2008, the Care trial (Visco et al., 2008) was published 
by the Pelvic Floor Dysfunction Network. One goal of the 
Care trial was to assess the importance of prolapse reduc- 
tion in predicting SUI after sacral colpopexy. Preopera- 
tive urodynamics were performed with clinicians blinded 
to the results. At the time of sacral colpopexy, patients 
were randomized to receive either a Burch urethropexy 
or no anti-incontinence procedure. The study ended early 
because the Burch colposuspension group had a signifi- 
cantly lower rate of SUI than the no anti-incontinence 
procedure group. In the trial, five different methods of 
reduction were used (pessary, manual reduction, swabs, 
forceps, and a half a speculum). SUI without prolapse 
reduction was uncommon, seen in only 3.7% of women, 
all of which had advanced prolapse. Overall, there was a 
19% incidence of urodynamic SUI with prolapse reduc- 
tion, with speculum reduction having the highest incidence 
of SUI at 30% and pessary the lowest at 6%. Furthermore, 
women who developed SUI on prolapse reduction were 
more likely to report postoperative SUI at 3 months. The 
debate continues between those in favor of a prophylac- 
tic stress urinary incontinence treatment at time prolapse 
repair and others who worry about the potential risks of 
performing a surgical procedure that may never have been 
needed. Based on the results of the Care trial, a reasonable 
approach to these patients would be to perform a basic 
reduction maneuver in the hope of predicting what the 
surgical anatomic result would be after a prolapse repair 
and proceeding with an anti-incontinence procedure (most 
likely a synthetic midurethral sling) in those patients who 
demonstrate stress-induced incontinence during reduction 
maneuvers. Electronic multichannel urodynamic testing is 
not necessarily required, because most likely the results of 
a simple office evaluation demonstrating the sign of stress 
incontinence during the reduction maneuver would suffice 
in determining which patients would most benefit from 
an anti-incontinence procedure. This is assuming that the 
patients with symptomatic prolapse have no lower urinary 
tract symptoms. In patients who do have lower urinary 
tract symptoms in conjunction with their prolapse or have 
evidence of voiding difficulty or outlet obstruction as noted 
by high PVR, a more precise evaluation that could include 
a formal urodynamic assessment should be considered. 


Overactive Bladder 


In women with overactive bladder (OAB), it is common 
practice to initiate nonsurgical management in the form of 
behavioral therapy, timed voiding, and pharmacologic ther- 
apy without a urodynamic diagnosis. Before considering a 
urodynamic evaluation for failure of drug therapy, the reason 
for failure should be explored because many times, better 
patient compliance or increasing drug dosage may be war- 
ranted. Urodynamic evaluation should be considered when 
conservative and drug therapy fail to adequately improve 
symptoms in a patient who is considering more invasive 


a 


therapeutic interventions. Whether to discontinue antimus- 
carinic therapy before a urodynamic assessment is controver- 
sial. Stopping the drugs increases the likelihood of observing 
DO if present, whereas continuing them allows evaluation 
of the mechanism underlying residual refractory symptoms. 

The two main urodynamic diagnoses associated with 
OAB are DO and increased sensation during filling. It must 
be emphasized that many women with OAB and urge incon- 
tinence may not have demonstrable DO on filling cystome- 
try (Hashim and Abrams 2006). In some patients with OAB 
symptoms, the ultimate urodynamic diagnosis turns out to 
be stress incontinence. Additional diagnoses that can be rel- 
evant to managing OAB include bladder outlet obstruction 
and inefficient bladder emptying. 

During filling cystometry, ideally the patient should be 
seated or standing because OAB symptoms are more com- 
monly experienced in an upright position. However, if there 
is severe DO at low volumes, it may be difficult to ascertain 
if urinary stress incontinence is also present. Sometimes a 
second filling in the supine position will generally make the 
DO less overt (Al-Hayek et al., 2008), allowing an increase 
in bladder capacity to sufficiently test for the possibility 
of coexistent stress incontinence. The urodynamic report 
should clearly state whether the OAB symptoms were 
reproduced during the testing session. 


Mixed Urinary Incontinence 


When symptoms of stress incontinence coexist with OAB 
symptoms, urodynamic assessment can help provide use- 
ful information regarding which condition is more severe 
as well as specifically documenting the urodynamic stress 
incontinence. In a patient who complains of mixed inconti- 
nence symptoms, the probability of reproducing the stress 
incontinence is much higher than the probability of demon- 
strating DO as the cause of the patients urge incontinence. 
This is why the results of the study must be closely cor- 
related with the patient’s symptoms before determining an 
appropriate management plan. Figure 10.22 demonstrates 
a filling cystometric study demonstrating urodynamic SUI 
and consistent DO. 


Voiding Symptoms 


Voiding symptoms are symptoms that deviate from the norm 
during or after micturition. These symptoms can be expe- 
rienced at the beginning of the urination (hesitancy), dur- 
ing urination (slow stream, intermittency, straining to void, 
spraying (splitting) of urinary stream and position-depen- 
dent micturition), or at the end of the urination (feeling of 
incomplete bladder emptying, need to immediately revoid 
and postmicturition leakage). The most extreme voiding 
symptom is complete urinary retention. As previously men- 
tioned, voiding symptoms can be bladder related (detrusor 
underactivity or acontractile detrusor) and/or bladder out- 
let related (BOO). They may also be related to a lack of 
synergy between the bladder and the outlet. Urodynamics 
can provide valuable information in the evaluation of female 
voiding symptoms. Uroflowmetry provides an initial evalu- 
ation of the patients voiding status with the least chance 
for circumstantial voiding abnormalities. This is because the 
test is done before urodynamic catheter insertion and in a 
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test environment that is as close as possible to the patient’s 
real life. Specific attention should be paid to the voided 
volume, Qmax, and the flow curve. Although abnormal uro- 
flowmetry can diagnose voiding abnormalities, it cannot 
differentiate between detrusor and bladder outlet-related 
voiding symptoms. A normal uroflow in a patient with void- 
ing symptoms most likely represents a situation where the 
patient perceives her voiding is abnormal when in reality it 
is not. 

The next important piece of information is the PVR vol- 
ume. It should be kept in mind that a normal PVR does not 
rule out BOO. Consistently high PVR, on the other hand, 
usually indicates a voiding abnormality. 

Filling cystometry in the setting of voiding symptoms 
may provide some additional information. Patients who 
have BOO may also have DO. Reduced or absent bladder 
sensation (usually with increased cystometric capacity) 
is a common finding in patients with abnormal detrusor 
contraction strength during voiding. The latter combina- 
tion is more commonly seen in the setting of neuropathic 
diseases that affect both bladder sensation and contractil- 
ity. This pattern can also be seen in patients who have 
encountered detrusor damage secondary to chronic blad- 
der distention. 

Pressure flow studies correlate the flow rate to detrusor 
pressure during voiding. In general, women are low-pressure 
voiders. Therefore, it is not uncommon to see normal urine 
flow with a low or even absent detrusor contraction. High 
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FIGURE 10.22 Filling cystometry in a patient with coexistent stress incontinence and detrusor overactivity. At a volume of 421 mL, coughing 


produces urodynamic stress incontinence, then at a volume of 457 mL there is a rise in vesical and true detrusor pressure that is associated with 
significant urgency. Note a portion of the rise in true detrusor pressure is artifactual secondary to a drop in abdominal pressure. 


detrusor pressure on the other hand with low urine flow 
rate usually represents a form of BOO. 


Neurogenic Bladder 


Certain neurologic diseases are associated with bladder and 
urethral dysfunction. Although at times generalizations can 
be made about the type of dysfunction based on the dis- 
ease and level of the lesion, these inferences are not reli- 
able. Patients with neurogenic bladder will present with 
storage symptoms, emptying symptoms, or both. The goals 
of treating patients with neurogenic bladder is to treat their 
urinary incontinence, assure efficient bladder emptying, 
avoid neurogenic bladder-related complications, and avoid 
any upper urinary tract deterioration. Urodynamic studies 
are very commonly indicated in these patients because valu- 
able information can be retrieved. Filling cystometry can 
assess for abnormal bladder compliance and DO, pressure- 
flow studies can differentiate bladder outlet obstruction 
from impaired detrusor contractility as a cause of impaired 
bladder emptying and EMG studies can assist in diagnosing 
detrusor external sphincter dyssynergia, which carries a risk 
for vesicoureteral reflux and renal failure. The use of video 
urodynamic in the setting of neurogenic bladder can add 
some anatomic details (see Chapter 11). 

An important consideration when contemplating a uro- 
dynamic study on a neurogenic bladder patient is to weigh 
the risks of the study against the potential benefit of the 
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information that will be obtained. Urodynamic studies 
may increase the risk of urinary tract infections, which is 
already high in this population. Also, some neurogenic blad- 
der patients are at increased risk for autonomic dysreflexia, 
a condition that is life-threatening and can be induced by 
bladder filling. These patients should be monitored for 
symptoms and signs of autonomic dysreflexia. If the condi- 
tion is diagnosed, prompt bladder emptying should be per- 
formed, which will usually resolve the symptoms. 


American Urological Association/ 
Society of Urodynamics, Female 
Pelvic Medicine, and Urogenital 
Reconstruction Guidelines on 
Urodynamic Studies in Adults 


A recent review of the literature was performed that 
resulted in a guideline statement regarding the utilization 
of urodynamic tests after the evaluation and symptom 
characterization of a patient with lower urinary tract dys- 
function (Winters et al., 2012). The goal was to identify 
peer-reviewed publications relevant to using urodynamic 
tests for diagnosis, determining prognosis, guiding clinical 
management decisions, and improving patient outcomes in 
patients with various lower urinary tract symptoms. The 
review yielded an evidence base of 393 studies. These publi- 
cations were used to create evidence basis for characterizing 
the statements presented in the guidelines as standard rec- 
ommendations or options. Based on the available evidence 
each guideline was assigned a strength rating of A (high), 
B (moderate), or C (low). In the absence of any sufficient 
evidence, additional information is provided as clinical prin- 
ciples and expert opinion. The guideline was intended to 
serve as a tool facilitating the most effective utilization of 
urodynamic testing as part of a comprehensive evaluation 
of patients presenting with lower urinary tract dysfunc- 
tion. The following is a review of these guidelines specific 
to women. 

1. Clinicians who are making the diagnosis of urody- 
namic stress incontinence should assess urethral func- 
tion. Although not a universal finding, poor urethral 
function suggested by a lower cough or VLPP and/or 
maximum urethral closure pressure tends to predict 
less optimal outcomes with some types of therapy. 
Some clinicians may use this information about ure- 
thral function to guide appropriate surgical treatment 
decisions. (Evidence Grade C) 

2. Surgeons considering invasive therapy in patients with 
SUI should assess PVR urine volumes. An elevated 
PVR can be suggestive of detrusor underactivity or 
bladder outlet obstruction or a combination of both. 
Patients with an elevated preoperative PVR are at 
increased risk for transient or permanent postop- 
erative voiding difficulties following urethral bulking 
injection or SUI surgery. (Expert opinion) 

3. Clinicians may perform multichannel urodynamic 
studies in patients with both symptoms and physical 
findings of SUI who are considering invasive, poten- 
tially morbid or irreversible treatments. Urodynamic 
studies are not absolutely necessary as a component 
of the preoperative evaluation of a patient with 


uncomplicated stress incontinence. These findings are 
comparable with the most recently published urinary 
incontinence treatment network multicenter trial that 
concluded that urodynamic studies did not enhance 
the predictive value regarding treatment outcomes 
when it is compared with an office assessment alone. 


(Evidence Grade C) 


. Clinicians should perform repeat stress testing with 


the urethral catheter removed in patients suspected of 
having SUI who did not demonstrate this finding with 
the catheter in place during urodynamic testing. More 
than 50% of women with SUI symptoms who do not 
demonstrate SUI with the urethral catheter in place 
will do so when it is removed. (Evidence Grade C) 


. In women with high-grade pelvic organ prolapse but 


without the symptoms of SUI, clinicians should per- 
form stress testing with reduction of the prolapse. 
Multichannel urodynamics with prolapse reduction 
may be able to assess for occult stress incontinence 
and detrusor dysfunction in these women with associ- 
ated lower urinary tract symptoms. If the presence of 
SUI would change the surgical treatment plan, stress 
testing with prolapse reduction should be performed 
to evaluate for occult SUI. This can be done inde- 
pendently or during urodynamic testing. Prolapse can 
be reduced with a number of tools including a pes- 
sary, ring forceps, or vaginal packing. The investigator 
should be aware that the instrument used for pelvic 
organ prolapse reduction may also obstruct the ure- 
thra, creating a falsely elevated VLPP or preventing 
the demonstration of SUI. Multichannel urodynam- 
ics can also assess the presence of detrusor dysfunc- 
tion in women with high-grade pelvic organ prolapse. 
Urodynamics with the prolapse reduced may facili- 
tate evaluation of detrusor function and determine if 
elevated PVR or urinary retention is due to detrusor 
underactivity or outlet obstruction or both. This may 
help to predict postoperative bladder function once 
the prolapse has been surgically repaired. (Evidence 


Grade C) 


. Clinicians may perform multichannel filling cystom- 


etry when it is important to determine if altered 
compliance, detrusor overactivity, or other urody- 
namic abnormalities are present or not in patients 
with urgency incontinence in whom invasive and 
potentially morbid or irreversible treatments are 
considered. Cystometry is the mainstay investiga- 
tion assessing urinary storage. Urodynamics may have 
a role when conservative and drug therapy fail and a 
patient desires more invasive treatment options for 
OAB. A patient with refractory urgency incontinence 
may have concurrent diagnoses of SUI or bladder 
outlet obstruction and correction of these associated 
conditions may greatly improve the symptoms related 
to urinary urgency. In the setting of mixed urinary 
incontinence, urodynamics may contribute by aiding 
in symptom correlation however these tests may not 
precisely predict outcomes of treatment. (Evidence 


Grade C) 


. Clinicians may perform pressure-flow studies in 


patients with urgency incontinence or voiding dys- 
function after bladder outlet procedures to evaluate 
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bladder outlet obstruction. Clinicians should consider 
pressure-flow testing to assess bladder outlet obstruc- 
tion in patients with refractory urgency symptoms 
after bladder outlet procedures. However, in women 
with significant elevations of PVR, urinary retention or 
definite alterations in voiding symptoms that occurred 
after an anti-incontinence procedure, strongly implies 
bladder outlet obstruction, thus urodynamics may not 
be necessary before intervention. (Expert opinion) 

8. Clinicians should counsel patients with urgency incon- 
tinence and mixed incontinence that the absence of 
detrusor overactivity on a single urodynamic study 
does not exclude it as a causative agent for their symp- 
toms. The technical reasons for the inability to elicit 
the finding of DO in certain individuals whether spon- 
taneous or provoked are unclear. Thus it is very impor- 
tant to try to replicate symptoms precisely. Despite 
this, urodynamics may not diagnosis DO even in the 
patients who are very symptomatic. Therefore urody- 
namic findings should be interpreted in the context 
of the global assessment including examination, dia- 
ries, residual urine, and other pertinent information. 
(Clinical Principles) 


Conclusion 


Although urodynamic studies have been available to cli- 
nicians and researchers for many years, only recently has 
there been significant effort placed toward assessing the 
true benefit and potential clinical utilization of these tests. 
As mentioned, multiple recent trials have helped establish 
procedural guidelines and reference points for practitioners 
using urodynamic studies. Multichannel urodynamic tests 
are useful for the assessment of bladder neuropathy and void- 
ing dysfunction. The use of a VLPP and UPP measurement 
to assess urethra dysfunction has produced disappointing 
results. Evolving consensus appears to be that urodynamics 
is not necessary in all cases of pure SUI and have a limited 
predictive role of lower urinary tract symptoms after anti- 
incontinence procedures. Until more definitive studies are 
published about the use of urodynamic studies in women, 
these studies should be used judiciously with both patient 
and practitioner having a clear understanding as to why the 
urodynamic study is being performed and what clinically 
relevant information may be obtained. 
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Video Urodynamics 


Video urodynamic (VUD) testing consists of simultane- 
ous measurement of the typical urodynamic parameters in 
conjunction with imaging of the lower urinary tract (LUT) 
(Fig. 11.1). It is thought by most to provide the most pre- 
cise evaluation of LUT dysfunction (McGuire et al., 1996). 
VUDs are similar to conventional urodynamics with the 
addition of contrast media as the filling solution and the use 
of fluoroscopy. This allows for simultaneous anatomic and 
functional evaluation of the LUT. 


Indications 


Although the indications for VUD testing are controversial, 
most would agree they are most useful in women with a 
known neurologic condition that is felt to affect LUT func- 
tion. In 2009 the Fourth Consultation on Incontinence 
Committee on dynamic testing made the following grade 
B/C recommendation on the basis of the available evidence- 
based literature (Hosker et al., 2009): Patients with sus- 
pected neurogenic dysfunction of the LUT should receive 
comprehensive urodynamic evaluation including VUDs, if 
possible, to establish the state and function of the lower 
tract. VUDs can identify certain pathologies and are impor- 
tant when trying to answer a specific clinical question. 
The American Urological Association (AUA) Urodynam- 
ics Guidelines state, “VUDS can be performed in properly 
selected patients to localize the level of obstruction, par- 
ticularly for diagnosing primary bladder neck obstruction” 
(Winters et al., 2012; Brown et al., 2013). In younger 
patients, with voiding dysfunction VUDs can differentiate 
between functional obstruction and dysfunctional voiding 
(Brown et al., 2013). 

A VUD study can provide objective documentation of 
the effect of the neurologic lesion on vesicourethral func- 
tion as well as assess for the presence of certain risk factors 
that could decompensate the upper urinary tract. These 
risk factors include detrusor external sphincter dyssynergia 
(DESD), low bladder compliance, and sustained high-mag- 
nitude detrusor contractions. Without effective therapy, 
patients with these risk factors have up to an 85% chance 
of developing hydronephrosis, vesicoureteral reflux, and/ 
or urosepsis within 5 years (McGuire et al., 1981). In 
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Conclusion 


cases of impaired compliance in which there is compensa- 
tion by a “pop-off” mechanism of vesicoureteral reflux, 
the impaired compliance may not be identified unless the 
reflux is also recognized by fluoroscopy. Also, an accurate 
detrusor leak point pressure (DLPP) can be obtained in 
cases where it would otherwise be impossible to observe 
any leakage. 

In women with bladder outlet obstruction (BOO), VUD 
testing is the only way to localize the exact level of obstruc- 
tion. If there is no obvious anatomic cause of obstruction, 
VUDs can differentiate between functional causes of 
obstruction such as primary bladder neck obstruction and 
dysfunctional voiding. Other indications may include any 
patient who is at high risk for complicated voiding dysfunc- 
tion in which an accurate diagnosis cannot otherwise be 
obtained. This could include unexplained urinary retention 
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FIGURE 11.1 Video urodynamic testing. Multichannel urodynamic tests are performed with the addition of fluoroscopy, allowing simultaneous 
visualization of the lower urinary tract during recording of pressures. Pyes intravesical pressure; Papa, intraabdominal pressure; Pye, detrusor pres- 
sure; Pucp, urethral closure pressure. Contrast is used as the filling media. 


in women, prior radical pelvic surgery, urinary diversion, 
prerenal or postrenal transplant, or prior pelvic radiation. 
Finally, VUDs may be helpful in some women with severe 
recurrent stress urinary incontinence (SUI) and intrinsic 
sphincter deficiency (ISD) as visualizing the urethra dur- 
ing provocation may be clinically useful. Table 11.1 reviews 
possible indications for VUDs and lists additional informa- 
tion that can be obtained when compared with conventional 
urodynamics. 


Technique 
The Video Urodynamic Lab 


The urodynamic room should be set up in a way that mini- 
mizes patient discomfort and anxiety. The room should be 
large enough to fit all the equipment necessary for the pro- 
cedure including the fluoroscopy machine and the fluoro- 
compatible chair (Fig. 11.2). The disposables required for 
the procedure should be kept and organized in cabinets 
within the room to avoid running in and out of the room 
during the procedure. A C-arm is preferable over fixed fluo- 
roscopy machines because it allows different angles of view 
and flexibility during patient positioning. 


Patient Positioning 


VUD testing can be done in the supine, sitting, or stand- 
ing positions. The test is usually begun in the sitting posi- 
tion with the understanding that changing patient position 
may become necessary at certain points of the test. For 
example, changing from the sitting to the standing positions 
may be necessary to demonstrate SUI. Likewise, a change 
from a supine to a lateral position may be needed to further 


localize certain anatomic findings such as bladder or urethral 
diverticula. 


Use of Fluoroscopy and Tips to Minimize 
Radiation Exposure 


VUD testing comes with the cost of risking radiation expo- 
sure to both the staff and patient. In a study of radiation 
exposure during VUDs in the pediatric population, Ngo 
et al. (2011) reported a mean radiation exposure of 10 mGy 
per study. Radiation exposure has many known biological 
effects including the risk for secondary cancer (Brenner and 
Hall, 2007). This makes it crucial to take all possible pre- 
cautions to minimize radiation exposure for both the staff 
and patients. The staff should wear lead protection shields 
and use radiation exposure monitors to track their cumula- 
tive exposure time. The number of images should be kept 
to a minimum and only taken for the high yield parts of 
the study. Intermittent (as opposed to continuous) fluo- 
roscopy should be used. Modern fluoroscopy machines are 
equipped with the “last image hold” feature that can keep 
the last image frozen so the physician can use that image as 
a reference for next steps without the need to repeat that 
image. Other important features of modern fluoroscopy 
machines include “pulsed fluoroscopy” in which the radia- 
tion beams are emitted in intermittent pulses and a “dose- 
spreading technique.” During VUDs, most of the images are 
focused on the pelvic area, which may predispose certain 
areas of the patient’s skin to radiation. One way to avoid 
this is to rotate the fluoroscope around a central area within 
the anatomy of interest. Furthermore, it is advisable to keep 
the image source away from the patient while keeping the 
image receptor close to her (Mahesh 2001). 


Table 11.1 Possible Indications for Video 
Urodynamics (VUDs) with Potential Findings 


that Could Not Be Obtained with Conventional 
Urodynamics 


Possible Indication for VUDs Potential Findings 


Vesicoureteral reflux 
DESD 
DSSD 
The cause of neurogenic 
bladder (e.g., sacral agen- 
esis, spina bifida, spine 
deformities or fractures) 
e Unexplained urinary e In cases of bladder outlet 
retention obstruction, exact loca- 
tion is identified 
Functional obstruction 
Dysfunctional voiding 
Vesicoureteral reflux 
Bladder diverticula 
Bladder trabeculations 


e Neurogenic bladder 


e Cases at risk for poor 

bladder compliance: 

e Previous radical pelvic 
surgery 

e Pelvic irradiation 

© Chronic cystitis 

e Long-term indwelling 
catheter 

e History of long term 
anuria (e.g., patient who 
was on hemodialysis then 
received renal transplant) 


e Cases of recurrent incon- e Open bladder neck at rest 
tinence after one or more e Intrinsic urethral sphincter 
previous surgeries deficiency 


e Bladder and/or urethral 
diverticulum 

e Urogenital fistula 

e Filling defects in the blad- 
der (radiolucent stones, 
foreign bodies, bladder 
tumors, etc.) 


DESD, Detrusor external sphincter dysnergia; DSSD, Detrusor smooth 
sphincter dysnergia. 


FIGURE 11.2 Video urodynamic laboratory. 


Performing the Video Study 


The actual technique of VUD testing is very similar to the 
technique used for conventional urodynamics (see Chapter 10) 
except that contrast is the filling media and fluoroscopic 
images are obtained during filling and voiding. The study 
usually begins with a noninstrumented uroflow as described 
in Chapter 10. The authors generally obtain five basic images 
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during VUDs. The first is a scout film to visualize any sig- 
nificant radiopaque shadows or bony abnormalities within 
the pelvic region. After filling is started, a second image 
assures appropriate positioning of the urodynamic cath- 
eter in the bladder. The next image is usually taken as con- 
tinuous fluoroscopy during Valsalva and cough stress tests. 
This is done at an initial bladder volume of 150 mL. If the 
patient does not leak at the initial filling volumes, we repeat 
this step after every 100 mL of infused contrast until the 
patient reaches her maximum cystometric capacity, or until 
an obvious abnormality such as SUI, impaired compliance, 
or detrusor overactivity (DO) is demonstrated. A voiding 
film is obtained during the emptying phase of the study. 
This image is particularly important to assess the bladder 
outlet in patients with obstructive voiding symptoms. The 
last image is taken after the patient voids to completion to 
assess for any postvoid residual contrast. Additional images 
are taken during the test as needed such as during rises in 
true detrusor pressure or when low bladder compliance is 
noticed in order to identify any vesicoureteral reflux and/or 
urinary incontinence. 


Interpretation 


The scout film should be free of abnormal radiopaque shad- 
ows in the pelvic region. This film should be examined for 
bony lesions such as spine fracture, plates and screws, spina 
bifida, sacral agenesis, etc. These lesions may predispose to 
neuropathic disease and development of neurogenic blad- 
der. Bony anatomic abnormalities also may contraindicate 
certain treatments such as sacral nerve stimulation. In 
patients who were previously treated for urinary inconti- 
nence, the initial fluoroscopy image may show a migrated or 
malpositioned Interstim lead or a radiopaque bulking agent 
at the bladder neck area. 

Patients with neuropathy and LUT dysfunction can pres- 
ent clinically with incontinence which may be of bladder ori- 
gin (DO or impaired compliance) or sphincter origin. They 
also may present with difficulty emptying, which can be of 
bladder origin (impaired detrusor contractility) or sphinc- 
ter origin (dyssynergia). Finally, some neuropathic patients 
may present with upper urinary tract decompression with 
hydroureter, hydronephrosis, and even renal insufficiency 
without any bothersome LUT symptoms. 

During bladder filling, the cystogram should be free of 
filling defects, and the bladder outline should be smooth 
without sacculae or diverticula. The ureters should not be 
seen during the filling cystogram or during the voiding cys- 
tourethrogram. The bladder neck should be closed during 
the filling phase of the study, irregardless of patient position 
or activity (resting, Valsalva or cough). The lower border of 
the bladder should be at the level of the symphysis pubis. 
Deviation from these normal findings during filling cystom- 
etry may suggest bladder and/or bladder outlet pathology. 
Examples include ISD, bladder diverticula, vesicoureteral 
reflux, cystocele, bladder tumors, bladder stones or foreign 
bodies, and previously injected urethral bulking agents. 

During filling the detrusor pressure (P4et) should be 
closely observed. Any rise in P4et needs to be looked at 
closely to determine if it is simple accommodation or a 
true decrease in compliance. Also, DO, particularly if 
the contraction is sustained and of low amplitude, can be 
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FIGURE 11.3 Video urodynamic tests on a 44-year-old woman with urinary incontinence 4 months after a renal transplant. Before renal 
transplant, patient was anuric for 7 years. Video urodynamic studies demonstrate a low bladder capacity, low bladder compliance (notice 
gradual rise in detrusor pressure that is partially masked by rectal contractions), vesicoureteral reflux (VUR) into transplanted kidney and leak 


per urethra, as well as a possible urethral diverticulum (UD). 


confused with impaired compliance. If filling is stopped 
and the pressure returns to baseline, then the compliance 
is not impaired. A number of “pop-off” mechanisms can 
make bladder compliance appear better than it actually 
is. Examples of this would be vesicoureteral reflux, which 
basically means bladder pressure is being transferred to 
the reflexing renal unit that, over time will be harmful 
to the upper tract. Figure 11.3 demonstrates vesicoure- 
teral reflux into a transplanted kidney. Another example 
is a large bladder diverticulum that may provide a pro- 
tective effect on the upper tract. Finally, an incompetent 
outlet may be a pop-off mechanism. It may only become 
apparent when outlet resistance is increased, which can be 
demonstrated during filling cystometry by occluding the 


urethra. It can occur surgically after placement of a subu- 
rethral sling. 

During the voiding phase, the bladder neck should be 
open and the urethra should be relaxed and free of stric- 
tures, diverticula, or filling defects. This part of the study is 
aimed at diagnosing BOO. The diagnosis of BOO in women 
is more difficult compared with men because there is a lack 
of standardized nomograms available to help establish the 
diagnosis. Furthermore, it is well-known that many women 
can void to completion without a significant rise in detrusor 
pressure. This makes it difficult to use the detrusor pressure 
parameters as used in men to diagnose BOO. Also, women 
with BOO may present with symptoms more consistent 
with storage abnormalities, such as urgency and frequency, 


Functional 


Anatomic 


Neurogenic 


Non-neurogenic 
latrogenic 
Noniatrogenic 
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DESD 
(nonrelaxing 
sphincter) 


DV 
(nonrelaxing 
sphincter) 


PBNO 
(closed 
bladder neck) 


FIGURE 11.4 Classification of bladder outlet obstruction in women. BOO, bladder outlet obstruction; DV, dysfunctional voiding; DESD, detru- 
sor external sphincter dyssynergia; PBNO, primary bladder neck obstruction. 


in contrast to the typical symptoms consistent with difficult 
voiding. 

BOO in women can be either anatomic or functional 
(Fig. 11.4). Anatomic causes are primarily iatrogenic. In 
a retrospective study of 86 women with anatomic BOO, 
Brucker et al. (2013) found anti-incontinence surgery to 
be the most common cause. Other causes included pelvic 
organ prolapse, external compression, urethral diverticulum, 
and urethral stricture. Functional BOO, on the other hand, 
refers to failure of relaxation of the bladder neck and/or 
the urethral sphincter in coordination with detrusor muscle 
contraction during urination. VUDs have the unique 
advantage of differentiating different forms of female 
BOO. This is because of its ability not only to capture the 
detrusor pressure/uroflow parameters, but also to localize 
the level of obstruction. Diagnosis of anatomic BOO is 
largely based on the history and physical examination, 
which are usually able to detect the cause. In the patient 
with functional BOO with a history of neurogenic bladder 
(typically suprasacral lesions), failure of sphincter relaxation 
is termed DESD (Fig. 11.5). If the patient has no history 
suggestive of neurogenic bladder, the condition is termed 
dysfunctional voiding. Primary bladder neck obstruction is 
the term used to describe the rare patient who is neuro- 
logically intact and shown on VUDs to have a closed bladder 
neck during attempts at voiding. 


Case Discussions 


Case 1: 49-Year-Old Female with Recurrent 
SUI and History of a Pelvic Fracture 


MM is a 49-year-old female who presented with recur- 
rent SUI. Pertinent in her medical history is a motor 
vehicle accident with subsequent pelvic fracture that was 
fixed with a plate and screws. After the accident, she 
developed severe SUI, which was initially treated with 
a transobturator sling. On presentation, she was soaking 
through 12 protective pads per day. General and focused 
neurological examinations were unremarkable. Vaginal 
examination revealed urethral hypermobility, an exposed 
piece of the polypropylene mesh in the left vaginal sul- 
cus, no pelvic organ prolapse, negative empty supine 
stress test, and no vaginal atrophy. Because the patient has 


recurrent incontinence with a history of pelvic fracture, 
VUDs were obtained. 


Urodynamic Findings 


Uroflowmetry: Patient voided 118 mL in 22 sec with a post- 
void residual of 40 mL. The flow curve showed a normal 
bell-shaped pattern. Although the voided volume was less 
than 150 mL, the uroflow parameters were all within the 
normal range. 


Filling Cystometry (Fig. 11.6A) 


The filling cystometry was performed using Omnipaque™ 
with a filling rate of 50 mL/min. The first sensation of blad- 
der filling occurred at a volume of 20 mL, desire to void at 
61 mL, and strong desire to void at 303 mL. Because the first 
sensation occurred at a very low volume, impaired bladder 
sensation was excluded. Urodynamic stress incontinence was 
demonstrated at a volume of 150 mL with a cough leak point 
pressure of 96 cm H3O. The filling phase of the study dem- 
onstrated a stable detrusor with normal bladder compliance. 


Pressure-Flow Study (Fig. 11.6B) 


The patient voided 315 mL with a maximal urine flow 
(Qmmax) Of 29 mL/sec and Payer at Qmax of 6 cm H30. This 
finding in conjunction with the initial uroflow and low 
postvoid residual rules out BOO in this patient. There is an 
increase in the intraabdominal pressure, which reflects an 
additional Valsalva effort during voiding. 


Electromyography 


Electromyography (EMG) activity responds appropriately to 
cough, which reflects an intact guarding reflex even though 
this guarding reflex failed to prevent stress leakage. During 
voiding, the pelvic floor muscles and the external sphincter 
should be completely relaxed, thus EMG activity should be 
silent. In this case, the increased EMG activity during void- 
ing was likely related to the possibility that she may have a 
discoordinated pelvic floor response, which is not clinically 
significant because she emptied well with an adequate flow. 


Pertinent Fluoroscopic Findings 


The scout film (Fig. 11.6A) shows the plate and screws in 
the pubic region. The cystogram (Fig. 11.6A) noted the 
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bladder neck to be wide open during cough, with visible 
urethral leakage. 

During voiding (Fig. 11.6B), the bladder neck is open 
with no evidence of urethral obstruction. The urethra is a 
little distorted, probably related to the previous pelvic frac- 
ture and/or previous sling procedure. Note the minimal rise 
in detrusor pressure, with a good urine flow secondary to a 
significant Valsalva effort. A postvoid film confirmed com- 
plete bladder emptying. 


Discussion 


This patient has recurrent SUI, which initially developed 
after an MVA resulting in a pelvic fracture. The patho- 
genesis of her SUI is probably a disruption of the periure- 
thral attachments with subsequent urethral hypermobility. 
Another possible mechanism is neuropathic ISD second- 
ary to a significant pelvic fracture. The VUDs confirmed 
SUI and ruled out BOO. Also noted were the bony changes 
related to the previous pelvic fracture. The patient ulti- 
mately underwent excision of the exposed sling and inser- 
tion of a synthetic retropubic sling. Her SUI improved but 
she ultimately needed an additional urethral bulking agent 
injection to make her completely dry. 

In summary, VUDs in this patient allowed a complete 
assessment of the condition of her pelvic bones and the position 


Open bladder neck 


Nonrelaxing sphincter 


of the metal plates, which may have influenced any future sur- 
gical procedure. In addition, neurogenic bladder, which could 
have resulted from pelvic nerve damage, was ruled out. 


Case 2: 56-Year-Old Female with Multiple 
Sclerosis and Urinary Incontinence 


AK is a 56-year-old female who was diagnosed with multi- 
ple sclerosis (MS) 15 years before presentation. During the 
course of her disease, she had developed urge urinary inconti- 
nence that was complicated by paraplegia and limited mobil- 
ity. Initially her incontinence was managed with an indwelling 
Foley catheter. On examination, the patient was wheelchair- 
bound with an otherwise normal body habitus. Pelvic exami- 
nation was unremarkable; the urethra was normal and the 
Foley catheter was noted to be draining clear urine. Focused 
neurologic examination was positive for paraplegia, with what 
appeared to be a normal pudendal nerve sensory distribution. 


Urodynamic Findings 


Uroflowmetry: the patient had a Foley catheter inserted so 
no uroflow study could be obtained. 


Filling Cystometry (Fig. 11.7) 


The patient did not experience any sensation during filling 
cystometry. She started to leak secondary to poor bladder 


BD 


Dilated proximal urethra 


Low Qmax (8 mL/sec) 


FIGURE 11.5 Video urodynamic tests showing detrusor external sphincter dyssynergia (DESD) in a patient with T6 spinal cord injury. The clas- 
sic findings of DESD as shown in the study include: high detrusor pressure, low urine flow, open bladder neck, dilated proximal urethra, and 


nonrelaxing sphincter. Note also the small bladder diverticulum (BD). 


compliance and ISD at a volume of 68 mL. The lowest value 
of the detrusor pressure at which the patient started to leak 
without a detrusor contraction or increased intraabdominal 
pressure was 14 cm H2O (DLPP) Valsalva leak point pressure 
and cough leak point pressure could not be assessed because 
of the small bladder volume. Bladder compliance improved 
toward the end of the study after the bladder had emptied. 


Electromyography 


The EMG shows a synergistic response of increased muscle 
activity during high detrusor pressure in an attempt to pre- 
vent leakage. 

No pressure flow study could be performed because the 
patient had involuntarily emptied her bladder during filling. 


Fluoroscopy 


Cystogram showed a small bladder volume, open bladder 
neck during filling, and leakage of contrast through the ure- 
thra. There is also right vesicoureteral reflux. 
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The urodynamic diagnosis for this patient is a low cys- 
tometric capacity, with impaired bladder compliance, ISD, 
and right vesicoureteral reflux. 


Discussion 


MS is a disease of neural demyelination that affects women 
twice as often as men. The disease affects mostly the cervi- 
cal spinal cord but can also affect the brain and other spinal 
cord segments. Voiding dysfunction occurs in up to 90% of 
MS patients with urinary incontinence occurring in 37% to 
72% of those affected. The goals of treating patients with 
suspected neurogenic bladder are to keep the patient dry, 
maintain sufficient bladder emptying, and avoid neurogenic 
bladder-related complications. The main complaint of this 
patient was urinary incontinence; VUDs showed low cysto- 
metric capacity and impaired bladder compliance with leak- 
age. Because she could not ambulate, she would not benefit 
from any therapy that would only improve her micturition 
warning time, thus there is no role for medical or minimally 
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FIGURE 11.6 A, (Case 1): Filling cystometry in a patient with history of pelvic fracture and recurrent stress urinary incontinence (SUI). Note sta- 
ble detrusor with normal compliance. Urodynamic SUI is demonstrated at a volume of 150 mL with a cough leak point pressure of 96 cm H20. 
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FIGURE 11.6, cont'd B, (case 1): Pressure flow study in a patient with a history of pelvic fracture and recurrent SUI. Note good flow with 


minimal rise in detrusor pressure and significant Valsalva effort. 


invasive treatment options for urge urinary incontinence in 
this case. 

The patient has an indwelling Foley catheter that, when 
used for long periods, has known associated risks of infec- 
tion, encrustation, and potential for development of blad- 
der cancer. The indwelling urethral catheter also carries 
risk for urethral erosion, fistula, and worsening of leak- 
age. A suprapubic tube could be considered as an alterna- 
tive with the advantage of avoiding the urethra, but the 
patient may still continue to leak through the urethra. 
Furthermore, the suprapubic tube carries similar risks for 
recurrent urinary tract infection, encrustation, and blad- 
der mucosal changes. Based on this complicated situation, 
different forms of urinary diversion (continent and incon- 
tinent) were discussed with the patient because this would 
assure tubeless drainage and hence avoid the indwelling 
catheter-related complications. Because she had reason- 
able manual dexterity, the patient elected to proceed with 
a continent urinary diversion. Given the small bladder 
capacity and right vesicoureteral reflux, bladder augmen- 
tation was concomitantly performed. Because there were 


also concerns about constant urethral leakage postopera- 
tively, an obstructive rectus fascia sling was also placed. In 
the setting of continent urinary diversion, the authors pre- 
fer an obstructive biologic sling over bladder neck closure 
for treatment of ISD because this allows for future urinary 
endoscopic procedures. 

VUDs detected the important finding of vesicoureteral 
reflux that could have been missed if conventional urody- 
namic studies alone had been performed. 


Case 3: Urinary Incontinence after 
Pelvic Irradiation 


TLis a 60-year-old female referred for severe, long-standing 
urinary incontinence. She has a history of cervical cancer 
treated with hysterectomy and pelvic irradiation 22 years 
ago. She had been tried on different antimuscarinic medi- 
cations without significant improvement. She also had 
failed Interstim therapy and intravesical Botox injection. 
She eventually had an indwelling Foley catheter placed 
hoping to temporarily relieve her severe leakage; however, 
catheter placement resulted in recurrent urinary tract 
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FIGURE 11.7 (Case 2): Video urodynamics in a patient with multiple sclerosis. Notice the rise in detrusor pressure during filling with no concomi- 
tant rise in the abdominal pressure. Also noted is the right vesicoureteral reflux (VUR) and the leak per urethra occurring at low pressures (ISD). 


infections, pain, and intermittent hematuria. On examina- 
tion, the patient was moderately obese and, although she 
was able to walk, she frequently used a wheelchair. Vagi- 
nal examination demonstrated severe vaginal atrophy with 
vaginal stenosis. The Foley catheter was noted to be drain- 
ing cloudy urine. 


Urodynamic Findings 


Uroflow study: This study was not done because the patient 
had an indwelling Foley catheter. 


Filling Cystometry (Fig. 11.8) 


The bladder was initially filled to capacity of 40 mL with 
a first desire to void at 28 mL. She did not reach a normal 
desire to void secondary to terminal DO at 40 mL. Repeat 
bladder filling at a slower rate was done with the hope of 
obtaining a filling volume sufficient to evaluate for SUI. 
The second attempt at filling resulted in another episode 
of terminal DO at an infusion volume of 81 mL. There 
was also evidence of gradually increasing detrusor pressure 
(although of low amplitude) with filling suggesting poor 
bladder compliance. This was hard to confirm because of 
the low filling volumes. Since the bladder was completely 
emptied with terminal DO, no pressure-flow studies could 
be obtained. 


Fluoroscopy 


The scout film showed the Interstim lead to be in a good 
position. Cystogram showed low cystometric capacity, vesi- 
coureteral reflux, and urethral leakage was seen with each 
bout of terminal DO. Her final urodynamic diagnosis was 


terminal DO, low cystometric capacity, poor bladder com- 
pliance, left vesicoureteral reflux, and normal position of 
the previously placed Interstim lead. 


Discussion 


Urinary incontinence after pelvic irradiation can have mul- 
tiple etiologies. SUI may develop secondary to a fibrotic 
(pipe stem) urethra and subsequent ISD. Urge incontinence 
and DO may occur secondary to detrusor damage, resulting 
in poor bladder compliance and capacity. Detrusor damage 
and/or urethral stricture secondary to urethral fibrosis and 
scarring may result in urinary retention with overflow uri- 
nary incontinence. Finally, in patients who develop exten- 
sive tissue necrosis after radiation, vesicovaginal fistula may 
develop, resulting in severe continuous urine leakage. The 
VUDs confirmed a contracted bladder with terminal DO, 
poor bladder compliance, and left vesicoureteral reflux. 
Also, the Interstim lead was seen in a normal position, 
which excludes technical factors as an explanation for fail- 
ure of neuromodulation. The patient was counseled about 
different options and ultimately underwent a transverse 
colon conduit. The transverse colon was used in this case to 
avoid the possibly of using irradiated small bowel. 


Case 4: Female Urethral Stricture 


A 49-year-old female was referred with a diagnosis of a 
urethral stricture with high postvoid residual volumes and 
symptoms of urgency and frequency. She had received mul- 
tiple urethral dilations in the past in an attempt to relieve 
the urethral stricture. She was eventually kept on daily 
self-urethral calibration, noting that she could not urinate 
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FIGURE 11.8 (Case 3): Video urodynamic tracing and cystogram showing two episodes of terminal detrusor overactivity with leakage, ques- 
tionable bladder compliance, and left vesicoureteral reflux (VUR). Note also the position of the Interstim lead and the leakage per urethra on 


the cystogram. 


if she missed 1 day of self-calibration. The diagnosis of ure- 
thral stricture had been made on urethroscopy, noting ure- 
thral bleeding when an attempt was made to advance the 
scope through the stricture. Otherwise her genitourinary 
exam was normal. Postvoid residual volume in the office 
was 200 mL. The patient was counseled about the need for 
suprapubic tube insertion as a temporary measure for her 
urine retention. This would allow healing of the urethra and 
a more precise evaluation could then be performed. 


Urodynamic Findings 


VUDs were performed to assess her bladder, the proximal 
end of the stricture, and to rule out vesicoureteral reflux 
secondary to BOO. There was no uroflow study or postvoid 
residual obtained because the patient had a suprapubic cath- 
eter in place. The suprapubic tube was clamped to allow 
for bladder filling. This phase of the study was normal with 
normal cystometric capacity, bladder sensation, and compli- 
ance. There was no DO or leak with cough or Valsalva. The 
pressure-flow study (Fig. 11.9) noted the patient spontane- 
ously voided a few drops of contrast even though she had 
a detrusor pressure of 85 cm H,O. The voiding cystogram 
confirmed a dilated bladder neck and proximal part of the 
urethra with narrowing at the distal part. Also noted was a 
small bladder diverticulum. 


Discussion 


Urethral stricture is a rare cause of female BOO requir- 
ing a high index of suspicion for diagnosis. Possible clues 
are obstructive voiding symptoms in a patient who has a 
history of urethral trauma, urethral infections, or urethral 
surgery. Oftentimes, as in this case, a cystoscope cannot 
pass through the stricture and therefore does not provide 
details about the proximal extent of the stricture. A ret- 
rograde urethrogram could be attempted but is technically 
difficult in females and has a low clinical yield. Evaluation 
of the proximal part of the urethra can be obtained with 
a voiding cystogram or antegrade cystoscopy by passing 
a scope through the suprapubic tube tract. Because this 
patient had significant storage symptoms in conjunction 
with a known anatomic problem, VUDs were performed, 
which involved a voiding cystogram as well as filling cys- 
tometry to exclude the possibility of vesicoureteral reflux 
secondary to BOO. The study showed the classic picture 
of BOO with high detrusor pressure and absence of sig- 
nificant urine flow. The study confirmed that the patient 
has good detrusor contractility and normal bladder compli- 
ance and capacity. Because she had previously undergone 
multiple urethral dilations that failed to correct the stric- 
ture urethral, reconstruction using a vaginal skin flap was 
performed. 
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FIGURE 11.9 (Case 4): Pressure-flow study during video urodynamics showing the typical high detrusor pressure, and barely detectable urine 


flow. Voiding cystogram shows an open bladder neck, dilated proximal urethra, and narrow distal urethra. These are characteristics of bladder 
outlet obstruction secondary to urethral stricture. 


in patients in whom conventional urodynamics are not suit- 
able or are unable to reproduce the symptoms in question. In 


Ambulatory Urodynamic Testing 


Ambulatory urodynamics are studies in which the func- 2000, the International Continence Society published guide- 
tional aspects of the LUT are assessed using natural filling lines for the performance of ambulatory urodynamics (van 
to reproduce the subjects’ everyday activity (Abrams et al., Waalwijk van Doorn et al., 2000). It stated that before any 


2002). Ambulatory urodynamics have their greatest value investigations, patients should receive detailed information 
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describing the test and necessary preparation. Patients are 
then instructed on how to accurately record symptoms and 
how to identify catheter displacement and hardware failure. 
A sample diary is given to record all relevant events so that 
urodynamic findings can be correlated with patient’s symp- 
toms. Most ambulatory urodynamic systems employ micro- 
tip transducer catheters that allow the most mobility. These 
are placed transurethrally to record bladder pressure and 
transrectally to record abdominal pressure. These catheters 
are firmly secured to the patient and connected to a portable 
recording device. Some systems contain a third channel that 
can be used for measuring urinary leakage, via an absorbent 
electronic nappy pad (Robertson and Neil, 1996). 

Although the clinical utility of ambulatory urodynam- 
ics remains controversial, data seem to show that it does 
increase the sensitivity of urodynamics by allowing more 
time for DO and other abnormalities to manifest them- 
selves. Practically speaking, it is most useful when standard 
urodynamics are inconclusive and diagnosis and treatment 
are uncertain. Ambulatory urodynamics have been most 
commonly used to diagnose the cause of urinary inconti- 
nence but also has been used in patients with outlet obstruc- 
tion and neuropathic voiding dysfunction. 

Numerous studies have shown ambulatory urodynam- 
ics to be more sensitive than conventional urodynamics for 
diagnosis of DO (Robertson et al., 1994; Heslington and 
Hilton, 1996). One study (Radley et al., 2001) noted that 
ambulatory monitoring revealed objective evidence of DO 
in 70 of 106 women with symptoms suggestive of DO; 
only about half of these patients demonstrated DO on con- 
ventional urodynamics when provocative maneuvers such 
as hand washing were employed. These findings must be 
weighed against the fact that DO was found in asymptom- 
atic female volunteers as often as 69% of the time, versus 
only 18% having it noted on conventional subtracted cysto- 
metrogram (CMG) (van Waalwijk van Doorn et al., 1996). 
One large study by Patravoli (2007) involved the review 
of 422 patients who underwent ambulatory urodynamic 
studies over a 12-year period. In 77% of symptomatic 
women with normal cystometry, ambulatory urodynamics 
diagnosed the cause of incontinence and provided clear and 
added value. What was not clear, however, was what was 
actually meant by clear added value and how treatment 
was effected. A smaller study (Pannek and Pieper 2008) 
noted similar findings, but a more useful interpretation of 
those findings was reported. They found that ambulatory 
studies were helpful (versus standard studies) in diagnos- 
ing LUT dysfunction in 72% of the evaluable examinations; 
however, almost one fourth of the ambulatory studies done 
were nonevaluable because of technical problems related 
to the urodynamic equipment or catheter dislocation. Thus 
ambulatory studies were clinically useful in only about half 
the patients who underwent them. When a diagnosis was 
made on ambulatory studies, successful treatment was 
established in 42% of patients. However, when ambulatory 
urodynamics were not helpful and patients were treated 
by clinical symptoms, 33% were treated successfully. In a 
retrospective review, (Gorton and Stanton 2000) ambu- 
latory urodynamics were performed on 71 women, 80% 
of whom had the investigation because the conventional 
CMG was unable to demonstrate any abnormality. DO was 
found in 45% of the women and nearly all were treated 


with antimuscarinic medications. Among the remainder 
without DO, fewer received medications. Less than half 
of those who received medications improved. The authors 
concluded that there was little clinical utility for ambula- 
tory urodynamic studies in regards to assisting in managing 
females with LUT dysfunction. 

In summary, ambulatory urodynamics have not become 
a popular testing modality in the United States. Although 
they may be useful in select patients where conventional 
urodynamics are not diagnostic, the information obtained 
should affect treatment, counseling, and or follow-up. 
Because of a lack of easy access to this form of equipment at 
the present time, most centers using this are performing it 
on a research basis. These studies remain difficult to inter- 
pret, time-consuming, and at times technically challenging. 
Finally, the data obtained from ambulatory urodynamics 
must always be weighed against the fact that, for many find- 
ings (both normal and abnormal), standards for interpreta- 
tion have not yet been established. 


Conclusion 


VUD testing is the most sophisticated evaluation tool for 
LUT symptoms. It provides the advantages of combin- 
ing anatomic and functional evaluation of complex symp- 
toms using fluoroscopy and contrast media. Although the 
test provides invaluable data in certain clinical situations, 
the benefit of the test should be balanced against the cost, 
invasiveness, radiation hazards, and the involved morbidity. 
The most frequent indication for VUD studies is neuro- 
genic bladder because it can assess for vesicoureteral reflux. 
Also in situations when anatomic abnormalities of the LUT 
are expected, and when BOO is suspected, VUD is pref- 
erable over conventional urodynamic studies. Ambulatory 
urodynamics provides functional evaluation of the LUT in 
an ambulatory setting. The test, if available, can be used 
in situations when conventional urodynamic studies fail to 
reproduce the patient’s symptoms. 
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Historical Perspective 


The first description of an endoscopic technique for evalu- 
ating the female urethra and bladder involved a cumber- 
some device developed by Bozzini in 1805. Visibility using 
this device was limited by the poor illumination provided by 
a candle reflected through a funnel in the urethra and the 
tendency of the operator to burn himself if the stand was 
tilted to provide a better view. Nineteenth-century refine- 
ments to this crude instrument included the addition of 
a surrounding cannula and, later, a lens system to provide 
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magnification of the field of view. The greatest drawback of 
the early cystoscopes remained poor illumination, despite 
efforts to overcome the problem using reflective mirrors, 
an alcohol lamp, a platinum wire loop, and, finally, an incan- 
descent light source. Even with these improvements in the 
cystoscope and in illumination, visualization remained poor 
without bladder distention. Consequently, by the end of 
the nineteenth century, cystoscopy was merely an adjunct 
to the established practice of urethral dilation and bimanual 
palpation of the bladder. 

Kelly (1894) changed the role of cystoscopy by develop- 
ing a technique that provided adequate bladder distention. 
The Kelly cystoscope, essentially a hollow tube without a 
lens, was not innovative, but Kelly’s technique was. The cys- 
toscope was introduced using an obturator, with the patient 
in the knee-chest position. The negative intra-abdominal 
pressure created in this position allowed air to distend the 
bladder when the cystoscope was introduced. A head mirror 
was used to reflect an electric light into the bladder for illu- 
mination (see Fig. 1.15). The technique was simple but pro- 
vided an excellent view. Its simplicity dramatically enhanced 
the accessibility of cystoscopy to all physicians. Moreover, 
Kelly’s fame as a genitourinary surgeon, and as the founder 
of the Johns Hopkins Hospital residency training program in 
gynecology, the first in the nation, established cystoscopy as 
a gynecologic technique. 

The twentieth century provided many innovations in 
cystoscopy. Hopkins and Kopany (1954) introduced a fiber- 
optic telescope and, later, a rod lens system, which dramati- 
cally improved light transmission and resolution. Their rod 
lens design is the system used in today’s rigid cystoscopes. 
Replacement of the air chamber with a series of glass rods 
with optically finished ends, separated by intervening air 
spaces, provides a wider viewing field and permits a change 
in the viewing angle. The innovation of angled telescopes 
improved the extent of visualization and facilitated more 
invasive procedures. Increasingly complex instruments were 
developed that allowed operative procedures through a cysto- 
scope. General surgeons began to embrace these techniques 
and, gradually, developed the subspecialty of urology around 
this new technology. The development of the subspecialty 
of urology coincided with changes in gynecology, including 
amalgamation with obstetrics to create a single training pro- 
gram that de-emphasized cystoscopy in gynecologic training. 
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Gynecologists gradually became less skilled in the technique, 
while urologists continued to develop it. 

Robertson (1973), the “father of urogynecology,” rein- 
troduced cystoscopy to the field of gynecology with the 
development of the Robertson urethroscope. He addressed 
the deficiencies of the cystoscope for viewing the urethra 
by applying the rod lens technology of the Hopkins cysto- 
scope to a shorter straight-on telescope with a nonfenes- 
trated sheath designed specifically for viewing the urethra. 
He also outlined a technique—dynamic urethroscopy—for 
evaluating incontinent women by using the Robertson ure- 
throscope. Dynamic urethroscopy offered a simple office 
procedure that considerably improved the diagnostic evalu- 
ation of the lower urinary tract compared with the alterna- 
tives of the time. 

The most recent development in cystoscopy is the flexi- 
ble cystoscope. A flexible cystoscope takes advantage of the 
flexibility of the fiberoptic lens system to create a cysto- 
scope that bends, thereby increasing the range of the field of 
view. Some authors report an improved view of the bladder 
neck using a flexible fiber cystoscope, whereas others advo- 
cate flexible cystoscopy to limit the necessary instrumenta- 
tion and improve patient tolerance. 
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Indications 


Cystourethroscopy is an invaluable procedure for today’s 
urogynecologist. It has both diagnostic and operative indi- 
cations. Diagnostic indications include hematuria, lower 
urinary tract symptoms, urinary incontinence, urethral 
diverticula, and urogenital fistulas. 

The differential diagnosis of hematuria is extensive but 
falls into conditions that are primarily renal or postrenal 
in origin. Endoscopy is useful in the diagnosis of postrenal 
conditions, including neoplasms of the bladder and urethra, 
urethral polyps, chronic cystitis, recurrent cystitis, intersti- 
tial cystitis, urolithiasis, and foreign bodies. 

The differential diagnosis for lower urinary tract symp- 
toms is extensive, including many nebulous conditions. Pos- 
sible causes include acute cystitis, chronic cystitis, radiation 
cystitis, urethral pain syndrome, urethral diverticula, ure- 
thritis, and interstitial cystitis. Other conditions that may 
cause similar symptoms include detrusor overactivity, uro- 
lithiasis, suture or mesh in the bladder or urethra, partial 
urinary retention, and moderate to severe pelvic organ pro- 
lapse. Cystourethroscopy is indicated when the presenting 
symptoms strongly suggest a diagnosis of urethral diverticu- 
lum, interstitial cystitis, urolithiasis, foreign body, or tumor, 
as well as for patients who do not respond to initial therapy. 
Endoscopy should be avoided in the presence of an active 
urinary tract infection. 

There is general agreement that cystoscopy is indicated 
for patients complaining of persistent incontinence or void- 
ing symptoms following incontinence surgery, but there is 
less agreement about the role of cystoscopy in the base- 
line evaluation of patients with urinary incontinence. The 
refinement of urodynamic evaluation since the 1980s has 
demonstrated its superiority for diagnosing the common 
causes of urinary incontinence such as urodynamic stress 
incontinence and detrusor overactivity. While urodynamic 
testing excels at providing an objective assessment of lower 
urinary tract function, it provides little information about 


lower urinary tract anatomy. Cystourethroscopy contributes 
an anatomic assessment of the urethra and bladder that is 
not achieved with urodynamic tests alone. Anatomic abnor- 
malities, such as urethral diverticula, urogenital fistulas, and 
intravesical foreign bodies causing detrusor overactivity, 
might be suspected based on history or urodynamic tests 
but require an anatomic assessment for confirmation. Cys- 
tourethroscopy also can reveal unsuspected neoplasia in the 
incontinent patient. 

For many urogynecologists, cystourethroscopy also has 
a role in the diagnosis of intrinsic sphincteric deficiency, a 
condition that has no standardized diagnostic criteria. Some 
advocate a single urodynamic parameter to make the diagno- 
sis. In the absence of validated standard criteria for diagnosing 
intrinsic sphincteric deficiency, we advocate combining clini- 
cal measures of severity, urodynamic evidence of poor urethral 
resistance, and an anatomic evaluation of urethral coaptation. 
Cystourethroscopy is perhaps the simplest way to achieve such 
an anatomic evaluation of the urethrovesical junction (UVJ). 

Operative cystourethroscopy in the female lower urinary 
tract includes both minor procedures that can be performed 
through an operative cystoscope in an ambulatory setting 
and the use of a cystoscope to facilitate other operations. In 
the former category, cystourethroscopy is commonly used 
to perform urethral bulking injections and intravesical botu- 
linum toxin type A injections. In the latter category, intraop- 
erative cystoscopy is an important adjuvant to mid-urethral 
sling procedures and facilitates the surgical repair of urinary 
tract fistula and urethral diverticula. It is also invaluable to 
evaluate the ureters and bladder mucosa for inadvertent 
damage at the time of surgery and to ensure the safe place- 
ment of ureteral catheters and suprapubic catheters. 


Instrumentation 
Rigid Cystoscope 


There are three components to the rigid cystoscope: the 
telescope, the bridge, and the sheath (Fig. 12.1). Each com- 
ponent serves a distinct function and is available with various 
options to facilitate its role under different circumstances. 

The telescope transmits light to the bladder cavity and 
an image to the viewer. Telescopes designed for cystoscopy 
are available with several viewing angles including 0 degrees 
(straight), 30 degrees (forward-oblique), 70 degrees (lat- 
eral), and 120 degrees (retro-view). The different angles 
facilitate the inspection of the entire bladder wall. Although 
the O-degree lens is ideal for adequate urethroscopy, it is 
insufficient for cystoscopy. The 30-degree lens provides the 
best view of the bladder base and posterior wall, and the 
70-degree lens permits inspection of the anterior and lateral 
walls. The retro-view of the 120-degree lens is not usually 
necessary for cystoscopy of the female bladder but can be 
useful for evaluating the urethral opening into the bladder. 
For many applications, a single telescope often is preferable. 
In diagnostic cystoscopy, the 30-degree telescope usually is 
sufficient, although a 70-degree telescope may be required 
in the presence of elevation of the UVJ. For operative cys- 
toscopy, the 70-degree telescope often is preferable. The 
angled telescopes have a field marker, visible as a blackened 
notch at the outside of the visual field opposite the angle of 
deflection, that helps facilitate orientation. 
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FIGURE 12.1 Rigid cystoscopes used in urology and urogynecology. A, Telescopes (top to bottom): 70-degree and 30-degree lens. B, Bridges 
(top to bottom): catheter-deflecting bridge and diagnostic bridge. C, Sheath, D, Assembled rigid cystoscope. (Copyright © 2015 Geoffrey 


Cundiff. Published by Elsevier Inc. All rights reserved.) 


The cystoscope sheath provides a vehicle for introducing 
the telescope and distending medium into the vesical cav- 
ity. Sheaths are available in various calibers, ranging from 
17 to 28 French for use in adults and smaller calibers for 
use in pediatric patients. When placed within the sheath, 
the telescope, which measures 15 French, only partially 
fills the lumen, leaving an irrigation/working channel. The 
smaller sheath is better tolerated for diagnostic procedures, 
whereas the larger-caliber sheaths provide space to accom- 
modate instruments in the irrigation/working channel. The 
proximal end of the sheath has two irrigating ports: one 
for introduction of the distending medium and another for 
removal of the medium. The distal end of the cystoscope 


sheath is fenestrated to permit use of instrumentation in the 
angled field of view. It is also beveled, opposite the fenes- 
trae, to increase the comfort of introduction of the cysto- 
scope into the urethra. Bevels increase with the diameter of 
the cystoscope, and larger sheaths may require an obturator 
for atraumatic placement. 

The bridge serves as a connector between the telescope 
and sheath and forms a watertight seal with both. It may also 
have one or two ports for the introduction of instruments 
into the irrigation/working channel. The Albarran bridge is 
a variation that has a deflector mechanism at the end of 
an inner sheath (Fig. 12.1). When placed in the cystoscope 
sheath, the deflector mechanism is located at the distal end 
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FIGURE 12.2 Rigid urethroscope. A, Telescope, 0 degrees. B, Sheaths (top to bottom): 24- and 15-French. C, Urethroscope. (Copyright © 2015 


Geoffrey Cundiff. Published by Elsevier Inc. All rights reserved.) 


of the inner sheath within the fenestra of the outer sheath. 
In this location, elevation of the deflector mechanism assists 
the manipulation of instruments and ureteral catheters 
within the field of view. 


Rigid Urethroscope 


The rigid urethroscope is a modification of the cystoscope 
designed exclusively for evaluation of the urethra (Fig. 
12.2). Because it is primarily a diagnostic instrument, it 
does not have a bridge. The telescope is shorter and has 
a 0-degree viewing angle, which provides a circumferential 
view of the urethral lumen because the mucosa in front of 
the urethroscope is distended by the distention medium. 
The 0-degree lens is essential for adequate urethroscopy. 

The urethroscope sheath is designed to maximize disten- 
tion of the urethral lumen. The proximal end of the sheath 
has a single irrigating port, and the telescope only partially 
fills the sheath, leaving space for the irrigant to flow around 
it. Sheaths are available in 15- and 24-French calibers. If 
tolerated, the larger sheath is useful because it provides the 
best view of the urethral lumen by providing more rapid 
fluid flow for maximal distention. 


Flexible Cystoscope 


Unlike the rigid cystoscope, the flexible cystoscope com- 
bines the optical systems and irrigation-working channel in 


a single unit. The coated tip is 15 to 18 French in diameter 
and 6 to 7 cm in length; the working unit makes up half the 
length. The optical system consists of a single image-bearing 
fiberoptic bundle and two light-bearing fiberoptic bundles. 
The fibers of these bundles are coated, parallel coherent 
optical fibers that transmit light even when bent. The coat- 
ing of the fibers results in a somewhat granular image, and 
the delicate 5- to 10-um diameter makes them susceptible 
to damage. Gentle handling is essential to good visualiza- 
tion and instrument longevity. The flexibility of the fibers 
permits incorporation of a distal tip-deflecting mechanism, 
controlled by a lever at the eyepiece that will deflect the tip 
290 degrees in a single plane. The optical fibers are fitted to 
a lens system that magnifies and focuses the image. A focus- 
ing knob is located just distal to the eyepiece. The irrigation- 
working port enters the instrument at the eyepiece opposite 
the deflecting mechanism. 

Many urologists prefer the flexible cystoscope because 
of improved patient comfort, especially in male patients. 
The absence of a prostate and the short length of the 
female urethra make rigid cystoscopy well tolerated by 
most women. This may offset any perceived advantage of 
flexible cystoscopy in female patients. Moreover, there 
are several disadvantages to the flexible cystoscope. The 
flow rate of the irrigation-working channel is approxi- 
mately one-fourth that of a similar-size rigid cystoscope 
and is further curtailed by the passage of instruments 
down this channel. Some tip deflection is also lost with 
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use of the instrument channel. In addition, because the 
view afforded by the flexible cystoscope is not as clear as 
that of a rigid cystoscope, greater operator skill is required 
to completely visualize the vesical cavity. There is no dif- 
ference in the postprocedural morbidity compared with 
rigid cystourethroscopy. 


Light Sources and Video Monitors 


While any light source that provides adequate illumination 
via a fiberoptic cable is sufficient, a high-intensity (xenon) 
light source is recommended for the use of video monitor- 
ing or photography. The cable attaches to the telescope at 
the eyepiece. Light cables are usually fiberoptic, although 
fluid-filled cables are also available; they tend to be more 
expensive and more durable. Fiberoptic cables use flexible 
optic fibers that are comparable to those of the flexible cys- 
toscope and are similarly prone to damage. 

Although all cystoscopic procedures can be performed 
with direct visualization through the eyepiece, video moni- 
toring eliminates awkward positioning required for direct 
visualization. It permits video documentation, which facili- 
tates teaching, and often improves patient tolerance by pro- 
viding distraction during the procedure. The video camera 
attaches directly to the eyepiece and should be maintained 
in an upright orientation. Changing the direction of view 
is accomplished by rotating the cystoscope without moving 
the camera. 


Distending Media 


The three types of distention media are nonconductive 
fluids, conductive fluids, and gases. Cystourethroscopy is 
feasible with carbon dioxide, but most practitioners prefer 
to use water or saline to distend the bladder and urethra. 
A liquid medium prevents the carbon dioxide from bub- 
bling and washes away blood or debris that can limit visu- 
alization. Moreover, the bladder volumes achieved using a 
liquid medium more accurately approximate physiologic 
volumes. 

The choice of liquid medium depends on the procedure 
for which it is to be used. For diagnostic cystourethroscopy, 
sterile water is an ideal medium that is readily available and 
inexpensive. If absorption of a large volume of fluid into 
the vascular space is anticipated, an osmotic solution such 
as normal saline should be used. Similarly, if electrocautery 
is to be used, a nonconducting solution, such as glycine, 
should be used. 

If a liquid medium is used, the water is instilled via grav- 
ity through a standard intravenous infusion set. The bag 
should be at a height of 100 cm above the patient’s pubic 
symphysis to provide adequate flow. 


Operative Instrumentation 


A wide range of instrumentation is available for use through 
a cystoscope. Those most pertinent to urogynecology are 
grasping forceps with a rat tooth or alligator jaws, biopsy 
forceps, and scissors. These instruments can be obtained 
in semirigid or flexible varieties and come in various diam- 
eters. A flexible monopolar ball electrode is useful for 
electrocautery during operative cystoscopy. A specialized 


sheath with a mechanism to advance and retract a long nee- 
dle is useful for urethral injections and intra-vesical bladder 
injections. 


Instrument Care 


Blood and debris should be removed from the equipment 
promptly to avoid accumulation in crevices and pitting of 
metal surfaces. The most common method of steriliza- 
tion is immersion in a 2% activated glutaraldehyde solution 
(Cidex; Surgikos, Inc., Arlington, TX). Cystourethroscopic 
equipment should be soaked for 20 min and then trans- 
ferred to a basin of sterile water until ready for use. Longer 
soaks shorten the life of the telescope by deteriorating the 
lens system and seals. If more permanent storage is desired, 
the scopes are cleaned with detergent and water, rinsed, and 
stored. Once a week, the inside and outside of the scopes are 
cleaned with alcohol, and super oil is used for lubrication. 
The irrigating ports and locking mechanisms also should be 
lubricated regularly. 


Cystourethroscopic Technique 


A complete evaluation of the lower urinary tract includes 
both urethroscopy and cystoscopy. A convenient approach 
begins with urethroscopy followed by cystoscopy. Diag- 
nostic urethroscopy provides an evaluation of the urethral 
mucosa and UVJ. Diagnostic cystoscopy permits evaluation 
of the vesical cavity and ureteral function. 


Diagnostic Urethroscopy 


The urethral meatus is cleansed with a disinfectant, and, 
with the distention medium flowing, the urethroscope is 
advanced into the urethral meatus. The center of the ure- 
thral lumen is maintained in the center of the operator’s 
visual field, and the urethral lumen, distended by the infus- 
ing medium, is followed to the UVJ. The urethral mucosa 
is examined for redness, pallor, exudate, and polyps as the 
urethroscope is advanced. The mucosa is normally pink 
and smooth, and a posterior longitudinal ridge, the ure- 
thral crest, may be seen. When the UVJ, typically round or 
horseshoe shaped, is reached, flow is stopped and the area 
is observed for fronds (feathery structures with a central 
capillary) and polyps (bulbous structures). 

Dynamic urethroscopy is performed after the blad- 
der has a volume of 300 mL. The urethroscope is with- 
drawn until the UVJ closes one third of the way and the 
response of the UVJ to “hold your urine” and “squeeze 
your rectum” commands is evaluated. The urethroscope is 
then withdrawn until the UVJ is two thirds closed and its 
response to Valsalva maneuver and cough is observed (Fig. 
12.3). The normal response is UVJ closure with all of these 
commands. 

The urethroscope is then positioned so that the UVJ 
is one-third closed and its response to bladder filling is 
observed. The bladder volumes at first sensation of filling, 
fullness, and maximum capacity are noted. The maneuvers 
at the UVJ are repeated, and the patient attempts to void. 
If voiding occurs, the urethra opens to the meatus and water 
escapes around the sheath. The normal UVJ should close 
over the urethroscope in response to a “hold your urine” 
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FIGURE 12.3 Evaluating urethral hypermobility using dynamic urethroscopy. A, Urethroscope is positioned to view the urethrovesical junction 
(UVJ; window cut away to visualize the UVJ). B, As the patient coughs, the UVJ opens (the urethroscope is elevated to follow the UVJ visualized 
through cut away). (Copyright © 2015 Geoffrey Cundiff. Published by Elsevier Inc. All rights reserved.) 
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command. The urethroscope is next withdrawn while a vag- 
inal finger massages the urethra against the scope. Exudate 
or diverticular openings may be seen. 


Diagnostic Cystoscopy 


Cystoscopy is performed using a 30- or 70-degree rigid 
telescope with a 17-French sheath. Topical anesthetics are 
typically avoided during urethroscopy because they can 
affect the color of the urethral mucosa. After urethroscopy, 
however, 2% lidocaine jelly may be used on the cystoscope 
sheath as a lubricant and a topical anesthetic. 

The cystoscope is placed into the urethral meatus with 
the bevel directed posteriorly and advanced to the bladder 
under direct vision. An obturator is not necessary when using 
a diagnostic 17-French sheath because downward pressure 
on the posterior lumen of the urethra with the blunt bevel 
is well tolerated by a majority of women. The infusion of 
water is maintained at a slow rate until the patient reports 
fullness or a volume of approximately 400 mL is reached. 
Further infusion is not necessary unless it is required to 
improve the endoscopic view, in which case a small volume 
can be removed for patient comfort. 

Orientation is easily established by identifying an air 
bubble anteriorly at the dome of the bladder. This serves as 
a landmark during the remainder of the examination. Begin- 
ning at the dome superior to the UVJ, the survey progresses 
in 12 sweeps, corresponding to the points on a clock (Fig. 
12.4). Orientation is maintained by placing the field marker 
directly opposite the portion of the bladder to be inspected. 
The trigone and ureteral orifices are viewed by angling the 
scope downward at a 30-degree angle and laterally. Visual- 
ization of the bladder base can be difficult in patients with a 
large cystocele unless the prolapse is reduced using a finger 
placed in the vagina. The mucosa is examined for color, vas- 
cularity, trabeculation, and abnormal lesions such as plaques 
or masses. Once the survey is complete, the telescope is 
removed while the sheath is left in place. This allows the 
bladder to drain and permits measurement of the volume of 
drained fluid. The approach to diagnostic cystoscopy using 
a flexible cystoscope follows an approach similar to that 
described for rigid cystoscopy. 
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Infection of the urinary tract is one of the potential 
causes of morbidity associated with cystourethroscopy, yet 
the actual rate of procedure-related bacteriuria is not well 
defined. In the literature, the rate of bacteriuria after cys- 
toscopy ranges from 2.8% to 16.6%. The upper limit of the 
range represents significant factors of potential morbidity 
that have prompted many clinicians to use prophylactic 
antibiotics. Approaches vary considerably in terms of the 
choice of antimicrobial agents and route of administra- 
tion. Some practitioners use antibiotic bladder irrigation 
in lieu of oral antibiotics. The most common prophylactic 
regimen used for cystoscopy is probably oral nitrofuran- 
toin. Although infection prophylaxis is commonly used, the 
moderate- to low-quality evidence suggests that there is no 
need for antibiotic prophylaxis after cystoscopy and urody- 
namic investigation (Bootsma et al., 2008). 


Intraoperative Assessment of Lower Urinary 
Tract Integrity 


The majority of ureteral injuries occur during gynecologic 
operations, and lower urinary tract injury is one of the most 
common reasons for medical litigation against gynecologists. 
Estimates of the incidence of injury to the ureters during 
major gynecologic surgery range from 0.4% to 2.5%. The 
incidence of lower urinary tract injury is higher for some 
urogynecologic operations. 

The approach to assessment of the integrity of the blad- 
der mucosa after pelvic surgery is similar to the approach 
described for diagnostic cystoscopy. A thorough survey of 
the bladder is made with special attention to the portions 
of the bladder potentially jeopardized by the procedure. 
Inspection of the anterior and lateral aspects of the mucosa 
is important after a mid-urethral sling or retropubic urethro- 
pexy, whereas inspection of the trigone is warranted after a 
difficult vaginal hysterectomy or dissection of an enterocele 
from the base of the bladder. Assessment of ureteral integ- 
rity should be considered after any retropubic dissection, 
total laparoscopic or robotic hysterectomy, apical support 
procedures, culdoplasty, colpocleisis, and other complex 
situations whenever there is a suspicion of ureteral injury. 
Intravenous administration of indigo carmine approximately 
5 minutes before initiating cystoscopy stains the urine blue 


FIGURE 12.4 Diagnostic cystoscopy. A survey of the ves- 
ical cavity is made by making 12 sweeps from the supe- 
rior bladder to the urethrovesical junction. The 5 o'clock 
sweep is demonstrated. (Copyright © 2015 Geoffrey 
Cundiff. Published by Elsevier Inc. All rights reserved.) 
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and facilitates visualization of the ureteral orifices during 


efflux. 
Suprapubic Teloscopy 


Suprapubic teloscopy is an alternative to transurethral cys- 
toscopy for evaluating the lower urinary tract during pelvic 
surgery. Transurethral cystoscopy is well suited to pelvic 
surgery performed via a vaginal approach but is inconve- 
nient in conjunction with an abdominal procedure in the 
supine position. Valuable operative time is lost by closing 
the abdominal wound to permit repositioning to lithotomy 
position and prepping for transurethral cystoscopy. More- 
over, any significant cystoscopic findings mandate reopening 
the abdomen for surgical correction. Suprapubic teloscopy 
addresses this dilemma by providing a way to perform 
endoscopy via an abdominal approach. Because of the sim- 
plicity of the technique, suprapubic teloscopy compares 
favorably with the alternatives of open cystotomy or dis- 
section of ureters in terms of required operating time and 
morbidity. It is an easy transition for an endoscopist who is 
experienced in cystoscopy. 

Suprapubic teloscopy is an extraperitoneal technique 
that begins with closure of the anterior peritoneum to 


prevent contamination of the peritoneal cavity with spilled 
urine. If indigo carmine is to be used to help identify the 
ureteral orifices, it should be given at this juncture to per- 
mit time for renal excretion. The bladder cavity is filled 
through a triple-lumen transurethral Foley catheter to at 
least 400 mL. A 1- to 2-cm purse-string suture is placed into 
the muscularis layer of the dome of the bladder, using a No. 
2.0 absorbable suture. Two absorbable stay sutures can be 
placed within the purse-string but with a full-thickness pur- 
chase to facilitate introduction of the telescope. A stab inci- 
sion made between the stay sutures provides an opening for 
insertion of the telescope. Because distention of the bladder 
is achieved through the transurethral catheter, the sheath 
and bridge are unnecessary and the telescope is inserted 
alone. The purse-string is tightened sufficiently to prevent 
leakage without limiting the movement of the telescope 
(Fig. 12.5). A 30-degree telescope provides the best view 
of the trigone and ureteral orifices while also permitting a 
thorough bladder survey. Identifying the transurethral Foley 
catheter bulb and locating the trigone beneath the bulb are 
useful to provide orientation. If suprapubic catheterization 
is planned, the catheter can be placed through the same stab 
incision when teloscopy is completed. 


FIGURE 12.5 Intraoperative teloscopy. (Copyright © 2015 Geoffrey Cundiff. Published by Elsevier Inc. All rights reserved.) 
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Cystoscopic Passage of Ureteral Catheters 


The absence of efflux of urine from the ureteral orifices dur- 
ing pelvic surgery is an indication for the passage of ureteral 
catheters to evaluate for potential obstruction. Ureteral 
catheters are available in various sizes and with a number 
of specialized tips. The most useful catheters for assessing 
ureteral patency are the general-purpose catheter and the 
whistle-tip catheter. Although available in sizes from 3- to 
12-French, the most useful catheter calibers are in the 4- to 
7-French range. They have graduated centimeter markings 
for judging the length of insertion. 

Once the ureteral orifice is located, the ureteral catheter 
is advanced into the field of view. Although the deflecting 
mechanism of the Albarran bridge facilitates ureteral cath- 
eterization, it is usually not essential to its completion. The 
catheter is placed just outside the fenestrated end of the 
cystoscope, with the catheter tip oriented in the axis of 
the ureteral lumen. The tip is threaded into the ureteral ori- 
fice by advancing the entire cystoscope. Once the tip enters 
the ureteral orifice, the catheter is gently advanced until it 
meets resistance as it passes into the renal pelvis, which is 
generally 25 to 30 cm. If the catheter is to be left in place, 
it should be secured to a transurethral catheter and con- 
nected to a drainage device. Gentle technique is essential to 
preventing hematuria and resulting colic. The use of a glide 
wire or fluoroscopy with retrograde passage of contrast 
medium also facilitates safe catheter passage. Other poten- 
tial complications include perforation and ureteral spasm, 
but with proper methods, the risk of complication is small. 


Operative Cystoscopy 


Urologists most commonly perform operative cystoscopy, 
although there are several minor procedures that are easily 
performed in the office by a urogynecologist. These include 
biopsy of mucosal lesions, removal of small foreign bodies or 
intravesical sutures, and intravesical botulinum toxin type A 
injection. 

There are several useful considerations that simplify the 
technique. Because the focal length of the optics provides 
the best view immediately in front of the telescope, this is 
where operative procedures should take place. After intro- 
duction of the cystoscope into the bladder and instillation 
of a sufficient volume of fluid to view the entire bladder 
wall, the instrument is introduced into the operative port 
and advanced until it is visible just at the end of the cys- 
toscope. Gross movements are made by moving the cys- 
toscope, and minor adjustments are made by moving the 
instrument itself. This approach keeps the operation in the 
optimal field of view. Irrigation at a brisk rate helps to keep 
the field from being obscured by blood. The bleeding that 
occurs with biopsy is usually minor, but if excessive hemor- 
rhage occurs, this can be controlled with electrocautery. 

Because these procedures require a larger cystoscope 
sheath (larger than 22 French) and may cause some patient 
discomfort, local anesthesia is recommended. Intravesical 
instillation of anesthetic is often sufficient but can be aug- 
mented by a bladder pillar block. For bladder instillation, 
the bladder is catheterized and drained; 50 mL of 4% lido- 
caine solution is instilled and left in place for 5 minutes. 
The bladder pillar block can be placed before the lidocaine 
is drained from the bladder. The block is performed by 


injecting 5 mL of 1% lidocaine 5 mm submucosally at the 
bladder pillars. After placement of a bivalve speculum, the 
bladder pillars are located in the lateral fornices at 2 and 
10 o'clock with respect to the cervix. 


Cystourethroscopic Findings 
Normal Findings 


The urethral mucosa is normally pink and smooth, with a 
posterior longitudinal ridge called the urethral crest. The 
UVJ is typically round or an inverted horseshoe shape and is 
completely coapted until the irrigant opens the lumen. The 
UVJ normally closes briskly and has minimal mobility with 
Valsalva maneuver. 

In its normal state, the bladder mucosa has a smooth 
surface with a pale pink to glistening white hue. The trans- 
lucent mucosa affords easy visualization of the branched 
submucosal vasculature. As the mucosa of the dome gives 
way to the trigone, it thickens and a granular texture devel- 
ops. A thickened white membrane with a villous contour 
commonly covers the reddened granular surface of the tri- 
gone. Histologic evaluation of this layer reveals squamous 
metaplasia (Fig. 12.6). The trigone is triangular, with the 
inferior apex directed toward the UVJ and the ureteral 
orifices forming the superior apices. As the cystoscope is 
advanced past the UVJ, the trigone is apparent at the bot- 
tom of the field. The interureteric ridge is a visible elevation 
that forms the superior boundary of the trigone and runs 
between the ureteral orifices. The intramural portions of 
the ureters can often be seen as they course from the lateral 
aspect of the bladder toward the trigone and ureteral ori- 
fices. There is marked variation in the ureteral orifices, but 
they are generally circular or slitlike openings at the apex of 
a small mound. With efflux of urine, the slit opens and the 
mound retracts in the direction of the intramural ureter. 

When distended, the bladder is roughly spherical, but 
numerous folds of mucosa are evident in the empty or par- 
tially filled bladder. The uterus and cervix can usually be 
seen indenting the posterior wall of the bladder, which cre- 
ates posterolateral pouches where the bladder drapes over 
the uterus into the paravaginal spaces. At times, visualiza- 
tion of the bowel peristalsis is possible through the bladder 
wall. 


FIGURE 12.6 Trigone demonstrating squamous metaplasia. (Copyright 
© 2015 Geoffrey Cundiff. Published by Elsevier Inc. All rights reserved.) 
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Pathologic Findings 
Urethroscopic Pathologic Examination 


In the urethral pain syndrome, the urethra is reddened 
and exudate sometimes can be expressed from the poste- 
rior urethral glands. Fronds or polyps, both of which can 
be seen in the proximal urethra or at the UVJ, have been 
associated with chronic inflammation. Urethral diverticula 
appear as ostia, usually along the lateral or posterior surface 
of the urethra, which may have expressed exudate on pal- 
pation (Fig. 12.7). Rarely, foreign material, such as exposed 
polypropylene mesh, can be seen after mid-urethral sling 
procedures. 

A stricture is a narrowing of the urethra that typically 
occurs at the meatus, although proximal or mid-urethral nar- 
rowing may also result from prior urethral surgery. Hypoes- 
trogenism results in pale urothelium. A urethral lumen that 
is pale and rigid and is unresponsive to commands indi- 
cates fibrosis and may be expected in intrinsic sphincter 
deficiency. During dynamic urethroscopy, the patient with 
urodynamic stress incontinence cannot close the UVJ to 
the “hold” and “squeeze” commands, and the UVJ gener- 
ally opens and descends in response to coughs and Valsalva 
maneuvers. The patient with intrinsic sphincter deficiency 
may have a rigid, immobile urethra, with the UVJ unrespon- 
sive to commands. In severe cases, the urethral lumen may 
be visualized from the meatus to the bladder neck. 


Cystoscopic Pathologic Examination 


Pathologic conditions affecting the bladder can be catego- 
rized as mucosal lesions or structural variations. Mucosal 
lesions are either inflammatory or neoplastic, although their 
coexistence is common. 

Despite its common use to describe infection of the 
bladder, cystitis in its broadest definition refers to inflam- 
mation of the bladder mucosa, of which there are several 
varieties. Cystoscopy should be avoided in the presence of 
active infectious cystitis but, if performed inadvertently, it 
may provide varying findings. In its mildest form, bacterial 
cystitis can be rather inconspicuous, with little more than 
pink or peach-colored macules or papules. With increasing 


FIGURE 12.7 Urethroscopic view of the orifice of a suburethral 
diverticulum (arrow). The proximal urethral orifice is at the upper 
right side. (Copyright © 2015 Geoffrey Cundiff. Published by Elsevier 
Inc. All rights reserved.) 


severity, mucosal edema and hypervascularity are evident, 
with loss of the submucosal vascular pattern and marked 
vascular dilation. In hemorrhagic cystitis, this can progress 
to individual or confluent mucosal hemorrhages and may be 
associated with hematuria in addition to irritative voiding 
symptoms. 

The symptoms of hematuria and irritative voiding are 
typical of several other less common inflammatory condi- 
tions that can often be distinguished on cystoscopy. The 
hemorrhagic cystitis that follows bladder infusion with 
toxins such as cyclophosphamide is characterized by dif- 
fuse mucosal hemorrhage. In radiation cystitis, areas of 
hemorrhage are surrounded by pale mucosa, which may be 
fibrotic and hypovascular. A chronic indwelling urethral or 
suprapubic catheter produces an inflammatory reaction of 
the mucosa directly in contact with the catheter. Mucosal 
changes range from pseudopapillary edema and submucosal 
hemorrhage to vesical fibrosis. 

Interstitial cystitis, another form of chronic inflamma- 
tion, is often associated with hematuria and fibrosis. The 
pathognomonic lesions appear on refilling the bladder, after 
initially filling to maximum cystometric capacity. General 
anesthesia is usually required to fill to maximum cystometric 
capacity because the fibrosis and associated pain often make 
filling intolerable. Glomerulations are the primary finding 
in very mild cases. These petechial hemorrhages are small, 
red dots that may coalesce to form larger hemorrhagic areas. 
Rare petechiae are seen in normal patients, especially on the 
posterior wall and trigone, caused by cystoscope trauma. In 
contrast, interstitial cystitis patients have at least 10 to 20 
glomerulations per field of vision. The classic Hunner ulcer 
is seen in more severe cases of interstitial cystitis. These 
ulcers appear as velvety red patches or linear cracks with a 
granulating base and surrounding vascular congestion. 

Recurrent or chronic inflammation can produce char- 
acteristic lesions as well. Inflammatory polyps are often 
identified at the UVJ if the cystoscope is retracted into the 
proximal urethra and the infusion is interrupted to allow 
them to float into the field of view. They are usually translu- 
cent with a villous appearance but can become large enough 
to partially fill the urethral lumen. Cystitis cystica consists 
of clear mucosal cysts usually found in multiple areas over 
the bladder base. The cysts are formed by single layers of 
subepithelial transitional cells, which degenerate with cen- 
tral liquefaction. Cystitis glandularis has a similar appear- 
ance to cystitis cystica, but the cysts are not clear, and 
they have a less uniform contour. As in cystitis glandularis, 
the mechanism of formation is a glandular metaplasia. In 
cystitis glandularis, however, there is involvement of mul- 
tiple layers, including the mucus-producing glandular epi- 
thelium. Both lesions are associated with chronic irritation 
of the bladder mucosa and are commonly surrounded by 
marked inflammation. The association of cystitis glandularis 
with adenovillous carcinoma of the bladder has led to the 
belief that cystitis glandularis may be a precursor of adeno- 
carcinoma. A proposed metaplastic transformation from 
epithelial hyperplasia through cystitis glandularis and finally 
to adenocarcinoma is based on a case presented by Shaw 
et al. (1958) of a gradual transition of cystitis glandularis to 
adenocarcinoma over a 5-year period. There have been two 
subsequent reports of transformation of cystitis glandularis 
to adenocarcinoma. 
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Although bladder cancer is twice as common in men, it 
is the most common genitourinary neoplasm in women. The 
vast majority of cases occur past the fifth decade. Transi- 
tional cell carcinoma is the most common histologic type, 
followed by adenocarcinoma and squamous cell carcinoma. 
Transitional cell carcinoma is usually induced by a carcino- 
gen; tobacco, dyes, and organic chemicals are known carcino- 
gens for the transitional epithelium. Adenocarcinoma is more 
common with bladder extrophy. Squamous cell carcinoma 
has been reported with long-term indwelling catheters. Cys- 
toscopic appearance is variable, depending on histologic type 
and grade, but usually reveals a raised lesion with a villous 
feathery or papillary appearance. Circumferential inflamma- 
tion is ubiquitous. Superficial transitional cell carcinoma may 
be multicentric or may have associated carcinoma in situ. 
Carcinoma in situ can be disturbingly inconspicuous, often 
mimicking the macules or plaques of infectious cystitis. 

Vesical and ureteral structural variations may be ana- 
tomic or functional anomalies. Auxiliary ureteral orifices are 
examples of rare anatomic anomalies that are indicative of 
renal collecting anomalies. When present, they often enter 
the vesical wall slightly superior to the trigone and in near 
proximity to the other ureteral orifice. Ureteroceles are 
caused by laxity of the distal ureteral lumen, with hernia- 
tion into the vesical cavity during efflux. 

Trabeculations are smooth ridges that become evident 
with distention of the bladder to volumes approaching max- 
imum cystometric capacity. They appear as interlaced cords 
of different diameters with intervening sacculations. They 
represent hypertrophied detrusor musculature associated 
with detrusor overactivity and functional or anatomic blad- 
der obstruction. A bladder diverticulum can occur when 
high intravesical pressure produces an enlargement of the 
intervening sacculations. The thick muscular band that cre- 
ates the neck varies in diameter and gives way to outpouch- 
ings of bladder mucosa. The interior of the diverticulum has 
been reported to be the site of neoplasm in approximately 
7% of cases. 

Fistulas also may be encountered at cystoscopy. Approxi- 
mately 75% of vesicovaginal fistulas (Fig. 12.8) result 
from abdominal hysterectomies. They may also occur 
after vaginal hysterectomies, urologic procedures, vaginal 
mesh procedures, radiation, cancer, and obstetric trauma. 
Posthysterectomy fistulas are usually located in the blad- 
der base superior to the interureteric ridge, correspond- 
ing to the level of the vaginal cuff. The fistulous openings 
range from small to several centimeters in diameter. In the 
immediate postoperative state, the surrounding mucosa is 
edematous and hyperemic; in later stages, the mucosa has 
a smooth appearance. In contrast, vesicoenteric fistulas 
uniformly have a surrounding inflammatory reaction, often 
with bulbous edema, and the fistulous tract is not discern- 
ible in two-thirds of cases. 

Bladder calculi may result from urinary stasis or the 
presence of a foreign body, or an inflammatory exudate may 
coalesce and serve as a nidus for stone formation. They can 
become attached to small areas of exposed mesh, slings, 
or nonabsorbable sutures. Stones have extremely variable 
cystoscopic appearances in terms of color, size, and shape 
but generally have an irregular surface. Foreign bodies and 
stones are usually accompanied by varying degrees of gen- 
eral or localized inflammatory reaction. 


FIGURE 12.8 Vesicovaginal fistula (bottom). (Copyright © 2015 
Geoffrey Cundiff. Published by Elsevier Inc. All rights reserved.) 
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Magnetic Resonance Imaging 


Computed Tomography 


Pelvic floor disorders include a broad array of interrelated 
clinical conditions that include urinary incontinence, pelvic 
organ prolapse, fecal incontinence, sensory abnormalities, 
and defecatory dysfunction. Bothersome symptoms may also 
stem from anatomic anomalies such as a urethral diverticu- 
lum, a paravaginal mass, or a surgical implant. In addition to 
a thorough clinical evaluation, multiple imaging modalities 
are now available to guide the clinician to the appropriate 
diagnosis and management. Beyond its clinical application, 
advanced imaging technology has an increasingly important 
role in our quest to understand the pathophysiology of pelvic 
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floor disorders and the anatomic variations not apparent from 
the physical examination alone. The focus of this chapter is 
on describing the radiologic studies used in clinical practice 
and research by radiologists and pelvic floor specialists. 


Plain Film of the Abdomen 


The plain abdominal radiograph may be used as a primary 
study or as a scout film in anticipation of contrast media. In 
addition, it may also reveal pelvic masses, bony lesions, and 
renal calculi. 


Intravenous Pyelography 


Intravenous pyelography (IVP) is safe, inexpensive, and 
widely available, and it provides information about the 
anatomy of the urinary collecting system and functional 
status of the glomerular filtration apparatus (Fig. 13.1). 
One of the most common indications for performing an 
IVP in urogynecology is to detect possible ureteral obstruc- 
tion caused by gynecologic cancer, pelvic mass, pelvic organ 
prolapse, or after gynecologic surgery. With delayed films 
and tomography, IVP is also useful to diagnose certain 
uncommon conditions, such as ectopic ureter and uretero- 
vaginal fistula. Once an essential urologic imaging modality, 
IVP has almost entirely been replaced by computed tomo- 
graphic (CT) and magnetic resonance imaging (MRI). CT 
imaging is able to demonstrate axial, sagittal, and coronal 
views of the upper tract urinary system and offers superb 
image quality compared with IVP. In addition, some paren- 
chymal defects, cysts, and tumors are better delineated 


with CT than IVP. 


Retrograde and Antegrade Pyelography 


Retrograde pyelography is performed to evaluate the ureters 
and intrarenal collecting system. In retrograde pyelogram, 
the contrast medium is injected into the upper urinary tract 
through a cone-tipped catheter placed at cystoscopy under 
fluoroscopic guidance. This approach is particularly use- 
ful for intraoperative evaluation of a ureteral obstruction 
because it has a unique ability to evaluate the ureter distal 
to the obstruction and thus can better define the extent of 
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FIGURE 13.1 Intravenous pyelogram showing duplication of the 
collecting system of the left kidney. 


the ureteral abnormality. This approach is associated with a 
higher infection rate than antegrade pyelography and may 
be contraindicated in women with a known allergic reac- 
tion to contrast media or recent lower urinary tract trauma 
or surgery. The large amount of contrast medium injected 
and the pressure applied during retrograde pyelogram may 
result in anastomotic leak and extravasation, with systemic 
absorption of the contrast. 

Antegrade pyelography can provide excellent opacifica- 
tion of the renal collecting system (Fig. 13.2). This approach 
involves placing a small-gauge needle into the renal pelvis; 
it is rarely performed for diagnostic indications only and is 
usually performed only when there is another indication 
for percutaneous puncture of the kidney. To perform an 
antegrade pyelography, the patient is placed in a prone posi- 
tion. A flexible 20- or 22-gauge needle is inserted into the 
collecting system under ultrasound or fluoroscopic control 
after administration of intravenous contrast medium. An 
obstructed renal collecting system should be decompressed 
before contrast medium is injected, to avoid overdistention 
and urosepsis. Additional procedures, such as attempts at 
antegrade ureteral stenting, can then be performed to tem- 
porarily or permanently relieve the obstruction. 


Cystography 


Cystography is frequently performed to detect bladder 
injury after trauma, to diagnose fistulas between the bladder 
and the adjacent organs, and to confirm that a cystotomy or 
bladder fistula has healed after surgical repair. Vesicovaginal, 
vesicouterine, and vesicoenteric fistulas are diagnosed when 
contrast material from the bladder enters and opacifies the 
adjacent viscera (Fig. 13.3). Absence of contrast in the adja- 
cent viscera does not always exclude a fistula because the 


Fl Antegrade pyelography demonstrating right uretero- 
vaginal fistula. 


connecting tract may not be large enough to allow passage of 
a sufficient quantity of contrast to be seen radiographically. 

To determine whether a cystotomy or fistula repair has 
healed, the bladder is filled slowly with contrast medium, 
and then is drained. A postvoid film is obtained to evalu- 
ate for extravasated contrast medium. Contrast from extra- 
peritoneal leakage usually forms an irregularly shaped mass 
around the defect and remains there for a relatively long 
time. Contrast that has leaked from an intraperitoneal 
defect diffuses into the abdominal cavity and is rapidly 
absorbed through the peritoneal cavity. 


Voiding Cystourethrography 


A voiding cystourethrogram (VCUG) is a dynamic radio- 
logic study that is used to diagnose structural bladder and 
urethral abnormalities with voiding and to evaluate for vesi- 
coureteral reflux. A VCUG is also used to investigate sus- 
pected bladder fistula or suburethral diverticulum and to 
evaluate the integrity of the bladder or urethra after fistula 
or diverticula surgery (Fig. 13.4). 

Positive-pressure urethrography can be performed in 
conjunction with VCUG to maximize diagnostic accuracy. 
It can also be used during surgery to help expand and iden- 
tify urethral diverticula and to test the integrity of repairs 


184 PART 3 Evaluation 


Retrograde contrast instillation into the bladder via a 
urethral catheter demonstrating a vesicovaginal fistula. 


Voiding cystourethrogram demonstrating three small 
proximal suburethral diverticula (arrow). 


Positive-pressure urethrogram showing a large, multi- 
loculated suburethral diverticulum. 


after resection. This study requires a Tratner catheter, 
which has two balloons, with an opening in the lumen of the 
catheter between the two balloons for contrast injections. 
The distal balloon is placed into the bladder, and the proxi- 
mal (sliding) balloon is positioned just outside the external 
urethral meatus. The two inflated balloons create a tem- 
porary, closed system and allow the contrast injected into 
the urethra to opacify the diverticulum (Fig. 13.5). Because 
of recent advances, ultrasound and MRI technology have 
replaced VCUG as the primary imaging modality in diag- 
nosing urethral and bladder abnormalities. 


Video-Cystourethrography 


Video-cystourethrography combines a fluoroscopic voiding 
cystourethrogram with simultaneous intravesical, intraure- 
thral, and intra-abdominal pressures and urine flow rate. 
Urethral sphincter electromyography (EMG) is often done 
simultaneously to assess neurogenic voiding disorders. 
Video-cystourethrography allows visual assessment of ure- 
thral sphincters and bladder function while synchronously 
recording urodynamic and EMG data, and is considered 
the reference standard of urodynamic investigation against 
which other techniques are compared. Some controversy 
exists regarding the indications for video-cystourethrog- 
raphy and whether it should be performed routinely or 
selectively. Some common indications include complex 
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cases with equivocal results after multichannel urodynamic 
studies, failed incontinence surgery, and voiding disorders 
associated with neurologic diseases. See Chapter 11 for a 
thorough review of the technique and utility of video- 
urodynamic testing. 


Ultrasound 


Ultrasound offers real-time evaluation that can be obtained 
in an office setting and is well tolerated by patients. Other 
important advantages include the absence of ionized radia- 
tion, the wide availability, and acceptable cost-effectiveness. 
Recent advances in three-dimensional (3D) ultrasonography 
allow the clinician to simultaneously view axial, transverse, 
and coronal views and construct an accurate 3D image of the 
pelvic structures. Four-dimensional (4D) imaging involves 
real-time acquisition, providing an insight into functional 
anatomy and the changes that take place with straining and 
Valsalva maneuver. The diagnostic potential of 3D and 4D 
modalities is currently under investigation; once validated, 
it may become an important component in urogynecologic 
and urologic practice. 

Several ultrasound techniques are available for evalu- 
ation of the lower urinary tract and pelvic floor. These 
include transabdominal (T-A), transvaginal (T-V), perineal 
(also referred to as translabial), introital, and transrectal 
approaches. 


Techniques 


Perineal and Introital Ultrasonography 


For dynamic assessment, the T-V approach may exert a 
compressive effect on the lower urinary tract. Therefore, to 
prevent distortion of the anatomy of the lower urinary tract 
by probes, perineal (translabial) and introital approaches are 
used. Both techniques can be performed with the patient 
in dorsal lithotomy, semireclining, or standing positions. For 
a perineal approach, a curved array probe with frequency 
between 3.5 and 6 MHz is applied to the perineum or out- 
side the labia majora. The introital technique uses a sector 
endovaginal probe with a frequency between 5 and 7.5 MHz, 
applied to the vaginal introitus, just underneath the urethral 
orifice. The examination begins by obtaining an image in the 
midsagittal plane, where the anatomic structures between 
the symphysis pubis and the posterior levator ani muscles 
are visualized: bladder neck, urethra, vagina, cervix, rec- 
tum, and anal canal (Fig. 13.6). The pressure exerted by the 
transducer should be kept low but sufficient to obtain good 
images with high resolution. The presence of a full rectum 
may impair diagnostic accuracy and sometimes necessitates 
a repeat assessment after defecation. The bladder volume 
should be fixed on examination: 300 mL for the evaluation 
of dynamic changes of the bladder neck and <50 mL for the 
assessment of bladder wall thickness. The bladder volume 
can be estimated by either a T-A or T-V approach, although 
accuracy is not reliable for bladder volumes <50 mL. 
Three-dimensional and 4D ultrasound technology allows 
amultiplanar display mode with visualization of cross-sectional 
planes. Figure 13.7 demonstrates four display modes using 
a 3D ultrasound system: (1) midsagittal, (2) coronal, (3) axial, 
and (4) rendered. The availability of postprocessing soft- 
ware allows manipulation and analysis of images remote 
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FIGURE 13.6 A, A schematic diagram and B, the ultrasound image 
showing a midsagittal view on two dimensional transperineal ultra- 
sound (Voluson E6 with RAB 4-8 MHz transducer (GE Healthcare, 
Wauwatosa, WI)). A, anal canal; V, vagina; u, urethra; U, uterus; B, 
bladder; S, symphysis pubis. (Image A. is from Dietz HP. Pelvic floor 
ultrasound: a review. Am | Obstet Gynecol 2010; 202:321, with 
permission) 


from the time of the exam. Four-dimensional imaging allows 
the real-time acquisition of ultrasound data, with the abil- 
ity to store cine-loops, which makes it feasible to evaluate 
dynamic changes in the pelvic floor, such as during a Valsalva 
maneuver. 


T-V Ultrasonography 


T-V ultrasound is performed with the patient in the dor- 
sal lithotomy position. Various probes can be used for this 
approach. It may be performed with an electronic biplane 
(linear and transverse perpendicular arrays) 5- to 12-MHz 
probe (B-K Medical, Peabody, MA, USA) or a high multi- 
frequency (9- to 16-MHz) 360° rotational mechanical probe 
(B-K Medical, Peabody, MA, USA). The biplane electronic 
probe provides two-dimensional sagittal and axial sectional 
imaging of the anterior and posterior compartments. A 3D 
reconstruction may then be performed to obtain sagittal, 
axial, coronal, and oblique sectional images (Fig. 13.8). 


Transrectal Ultrasonography 


Transrectal ultrasound (also referred to as endoanal and 
endosonography) is performed with an intracavitary probe, 
similar to T-V ultrasound. Patients can be placed in the 
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Standard acquisition screen of three-dimensional transperineal ultrasound: A, midsagittal plane, B, coronal plane, C, axial plane, 
D, rendered view. (Voluson E6 with RAB 4-8 MHz transducer (GE Healthcare, Wauwatosa, WI)). 


OUPHE 


OUPBHE 


Three-dimensional transvaginal ultrasound of the anterior and posterior compartments of the vagina obtained with a biplane 
transducer (linear array, type 8848, 5-12 MHz, B-K Medical, Peabody, MA). A, Anterior compartment: B, bladder; PS, pubic symphysis; 
U, urethra; RMS, rhabdomyosphincter; LCM, longitudinal and circular muscle; VT, vesical trigone; CU, compressor urethrae. B, Posterior 
compartment: A, anal canal; ARA, anorectal angle; IAS, internal sphincter muscle; EAS, external sphincter muscle; RVS, rectovaginal septum; 
STP, superficial transverse perineus muscle; LP, levator plate. (Courtesy of Shobeiri SA, Oklahoma City, OK, USA.) 


dorsal lithotomy position, may be prone, or may be in the 
left lateral position. The transducer should then be rotated 
to the 12-o0’clock position anteriorly. The scan starts at the 
upper aspect of the puborectalis muscle and extends to the 
anal verge. In this view, the following anatomic layers are 
visualized: the subepithelial layer, which is hyperechoic; the 
internal anal sphincter, which appears as a hypoechoic ring; 
the longitudinal muscle (hyperechoic); and the external anal 
sphincter, which is the outmost layer and is hyperechoic 
(Fig. 13.9). Three-dimensional reconstruction allows visual- 
ization of the structures in different planes as well as better 
localization of masses, abscesses, or fistulas. 


Routine uses of ultrasound that have been most described 
in evaluating lower urinary tract and pelvic floor are listed 
in Box 13.1. 


Applications of Ultrasound in Evaluating 
Disorders of the Lower Urinary Tract and 
Pelvic Floor 


Urinary Incontinence 


Ultrasonography can be used to detect anatomic altera- 
tions associated with urinary incontinence, to help select 
the appropriate therapy, and to evaluate surgical outcomes 
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FIGURE 13.9 Three-dimensional endoanal ultrasound using 360° rotational transducer (type 2050, 9-16 MHz, B-K Medical, Peabody, MA). 
A, Normal anatomy of the anal sphincter. B, External anal sphincter muscle defect. A, anal canal; EAS, external anal sphincter. (Courtesy of 


Shobeiri SA, Oklahoma City, OK, USA.) 


and postoperative complications. A well-known sono- 
graphic finding in patients with overactive bladder is wave- 
like detrusor contractions accompanied by bladder neck 
opening. Khullar et al. (1996) reported that an increase in 
mean bladder wall thickness is unique to detrusor overac- 
tivity. With a cutoff value of 5 mm, bladder wall thickness 
together with symptoms of overactive bladder had a sensi- 
tivity of 84% and specificity of 89% for detecting detrusor 
overactivity, compared with video-cystourethrography. The 
authors speculated that the increased bladder wall thickness 
in this disorder resulted from detrusor hypertrophy associ- 
ated with increased isometric detrusor contraction, urethral 
sphincter volume, and urethral closure pressure. However, 
other authors have not been able to confirm this finding. 

Ultrasonographic studies for stress incontinence have 
been used to provide quantitative measurements and quali- 
tative descriptions of the lower urinary tract. Schaer et al. 
(1996), representing the German Association of Urogyne- 
cology, recommended both posterior urethrovesical angle 
and bladder neck position as quantitative parameters in 
the ultrasonographic study. The authors proposed a stan- 
dard method for measuring the retrovesical angle (B) and 
the pubourethral angle (y) (Fig. 13.10). The differences 
between resting and stress bladder neck angles yield the 
rotational angle, which represents urethral or bladder neck 
mobility in a similar way as the Q-tip test. No values are 
defined for normal bladder neck descent or urethral mobil- 
ity, possibly because of methodologic variations such as 
patient position, bladder filling, quality of Valsalva maneu- 
ver, and measurements of bladder neck position. Whereas 
several studies have demonstrated that the position of the 
bladder neck in patients with stress incontinence is lower 
than those of continent women, an overlap exists between 
the groups. 

Bladder neck funneling also may be observed and is 
seen in women with both stress and urge incontinence. 
It seldom occurs in normal continent women unless the 
bladder is full. On some occasions, opening of the bladder 
neck may be followed by egress of urine, which is mani- 
fested as a hyperechoic flow from the bladder through the 
urethra on real-time scanning. This can be confirmed by 
color or power Doppler ultrasonography. Funneling may be 
seen in asymptomatic women; therefore, its significance is 
unclear. 


Bladder neck decent/mobility/opening at rest and on 
Valsalva 

Postvoid residual volume 

Intercurrent uterine and adnexal pathology 

Uterine position 

Bladder abnormalities (e.g., tumor, foreign body) 

Urethral abnormalities (e.g., diverticulum) 

Postoperative findings (e.g., bladder neck mobility; posi- 
tion of mesh, grafts, or implants) 

Pelvic floor muscle defect 

Pelvic floor descent 

Anal sphincter defect 


Modified from: Haylen BT, de Ridder D, Freeman RM, et al. An International 
Urogynecological Association (IUGA)/International Continence Society (ICS) joint 
report on the terminology for female pelvic floor dysfunction. Int Urogynecol J 
2010;21:5. 


Bladder Abnormalities 


Abnormalities of the bladder wall include focal or generalized 
thickening, loss of integrity, and abnormal vascularity. Infec- 
tion, pelvic radiation, pelvic surgery, bladder outlet obstruc- 
tion, and neoplasm can cause bladder wall thickening. In 
patients with bladder outlet obstruction, thickened bladder 
wall with trabeculation or even formation of diverticulum 
and high postvoid residual urine volume may be displayed on 
ultrasonography. Ultrasonography may be a useful diagnostic 
modality for screening and detecting bladder tumors. Blad- 
der tumors can have polypoid, sessile, or plaquelike shapes, 
with a regular or irregular surface, with or without calcified 
foci (Fig. 13.11). Color and power Doppler ultrasonography 
may demonstrate neovascularization within the tumor, with 
a low resistance index of the tumor vessels. 

Vesicovaginal and vesicouterine fistulas can also be 
revealed by T-V ultrasonography. Factors aiding in the visu- 
alization of vesicovaginal fistulas are an edematous change 
of bladder and vaginal walls, accumulation of urine inside 
the vagina, and urine flow induced by coughing or Valsalva 
maneuver. 
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FIGURE 13.10 Schematic demonstration of the ultrasound param- 
eters. Pubourethral angle between the inferior edge of the symphysis 
and the urethrovaginal junction (y (gamma) angle), and rectovesical 
(B (beta), angle). BN, bladder neck. (Courtesy of Schaer G, Aarau, 
Switzerland.) 


Urethral and Periurethral Abnormalities 


Urethral diverticulum is an uncommon cause of female 
lower urinary tract symptoms. The reported incidence of 
female urethral diverticulum in normal women is 1%-6%. 
T-V as well as translabial ultrasound has been shown to be 
effective for the evaluation of suspected urethral diver- 
ticulum, which is demonstrated as single or multiple cystic 
lesions with hypoechogenicity or mixed echogenicity sur- 
rounding the urethra (Fig. 13.12). Ultrasonography can 
provide precise measurements of the lesion and indicate 
orientation and location with respect to the urethra. Ultra- 
sound’s ability to discriminate between cystic and solid 
structures as well as clear evaluation of spacial relationships 
makes it a useful modality in differentiating between diver- 
ticula and other lesions such as leiomyoma, Gartner duct 
cyst (Fig. 13.13), vaginal inclusion cyst, ectopic ureterocele, 
and other rare periurethral and vaginal masses. 


Postoperative Findings 


Ultrasonography technology has been used for clinical and 
research purposes to evaluate midurethral slings postop- 
eratively. Synthetic slings are highly echogenic and easily 
visualized on ultrasound (Fig. 13.14). Sling position, dis- 
lodgement, and erosion may be evaluated using ultrasound. 
Dietz et al. (2000) demonstrated that in general, bladder 
neck mobility remains unchanged after tension-free vaginal 
tape (TVT). However, urethral angulation and ventrocau- 
dal movement of the TVT tape toward the symphysis pubis 
was visualized on ultrasound during straining in patients 
who received TVT. Excessive angulation of the midurethra 
at rest, which suggests undue lifting of the urethra by the 
tape, and acute narrowing of the central echolucent area of 
the urethra at rest are reported ultrasonographic findings 
implying postoperative obstructive voiding dysfunction. 
Ultrasonography may also be useful for evaluating a 
patient with voiding dysfunction, in whom mesh erosion 


FIGURE 13.11 Bladder cancer. A, Cystoscopic and B, three-dimen- 
sional sonographic examination revealing a polypoid mass protruding 
from the bladder wall. 


is suspected but is not visible on cystoscopy. In addition, 
when evaluating a patient with a complication, but with- 
out an available previous operative report, ultrasound can 
distinguish between a transobturator and a retropubic sling. 
Similar to anti-incontinence tapes, other implantable mesh 
products are also highly echogenic, and therefore, ultra- 
sound may be instrumental in evaluating complications and 
in surgical planning of revisions. 

Burch colposuspension elevates and stabilizes the blad- 
der neck and proximal urethra in a high retropubic posi- 
tion. On ultrasound, excessive elevation of the bladder 
neck after Burch colposuspension is associated with post- 
operative symptoms of overactive bladder. Higher bladder 
neck position, smaller bladder neck angle at rest and dur- 
ing straining, and lesser rotational angle can be observed 
after both open and laparoscopic Burch colposuspension. 
Other reported ultrasonographic findings after urethropexy 
include decreased posterior urethrovesical angle, ventrocra- 
nial displacement of bladder neck, and reduced incidences 
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Gartner duct cyst originating in the posterior aspect 


of the vagina. 


of bladder neck funneling and bladder hypermobility. Suc- 
cessful urethropexy was associated with a more anterior, 
although not necessarily more elevated, urethrovesical 
position. 


Pelvic Floor Defects and Descent 


Ultrasound is capable of identifying different compart- 
mental defects of the pelvic floor. Pelvic organ prolapse 
severity can be quantified and staged with translabial ultra- 
sound, and correlation with pelvic organ prolapse quan- 
tification measurements has been shown to be accurate 


i a NY 


Complex urethral diverticulum visualized in A, midsagittal plane, B, coronal plane, and C, axial plane. S, symphysis pubis; 
U, urethra; V, vagina; A, anal canal; R, rectal ampulla. (Courtesy of Dietz HP, Sydney, Australia.) 


__—Transobturator 


Transperineal ultrasound demonstrating transobtura- 
tor sling. u, urethra; V, vagina; LA, levator ani. 


(Chantarasorn and Dietz, 2012). Enteroceles, often diffi- 
cult to recognize by clinical examination, can be detected 
by perineal or introital ultrasound. However, imaging of 
the cervix and vaginal apex may be incomplete with the 
presence of large rectoceles, and the extent of pelvic floor 
relaxation may be underestimated because of transducer 
pressure. 

Real-time ultrasound provides direct visualization of 
pelvic floor muscle contraction and may be a useful bio- 
feedback technique for pelvic muscle exercises because it 
allows the amount of movement of pelvic floor muscles to 
be quantified during the exercises. 
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A, Magnetic resonance imaging study of the pelvis; the left side and the remaining portion of the puborectalis are out- 
lined in red. Note vaginal canal asymmetry to right in relation to midline. (From Shobeiri SA, Chimpiri AR, Allen A, et al. Surgical reconstitu- 
tion of a unilaterally avulsed symptomatic puborectalis muscle using autologous fascia lata. Obstet Gynecol 2009;114:480, with permission.) 
B, Three-dimensional endovaginal ultrasound image of the right puborectalis muscle. The arrow points to the defect. C, Typical full 
right-sided avulsion of the levator ani (indicated by*) as seen on tomographic ultrasound in the axial plane (Courtesy of Dietz HP, Sydney, 


Australia). 


Ultrasound may be used to assess defects in the leva- 
tor ani muscles. DeLancey et al. (2012) found that women 
with pelvic organ prolapse are significantly more likely 
(odds ratio, 7.3) to have a levator ani muscle injury. Muscle 
thinning and partial and complete avulsion of the levator 
have been visualized using MRI as well as T-V and perineal 
ultrasound techniques (Fig. 13.15A—C). Levator ani trauma 
also may be indirectly assessed by measuring the genital hia- 
tus both during rest and with Valsalva maneuver. Although 
there have been multiple reports correlating the clinical 
examination with ultrasonographic and MRI imaging, at 
this point it is unclear whether these findings will lead to a 
change in clinical practice. Advancement in our understand- 
ing of the anatomy and the specific disease mechanism may 


eventually lead to improvement in surgical technique and 
prevention strategies. 


Fecal Incontinence 


High-resolution ultrasound has emerged as the modality 
of choice in imaging anal sphincter defects and is integral 
in planning treatment for this distressing problem. Endo- 
anal ultrasound is used to identify anal sphincter lesions 
including defects, scarring, thinning, and atrophy. Iden- 
tification of the precise location of the defect aids surgi- 
cal planning (Fig. 13.9). Three-dimensional transperineal 
ultrasound can characterize defects in the anal sphinc- 
ter muscle complex. The advantage of the transperineal 
approach is that it reduces distortion of the anal canal and 
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allows dynamic evaluation of the sphincter contraction. 
However, resolution is inferior to that of the endoanal 
technique and there are no studies correlating the two 
approaches. 


Magnetic Resonance Imaging 


MRI is an increasingly important diagnostic and research 
tool. Its superb high-resolution images of soft tissues, multi- 
planar imaging capability, and high sensitivity in fluid detec- 
tion allow it to evaluate areas and diagnose abnormalities 
not readily accomplished by other imaging modalities. In 
research, MRI has improved our understanding of normal 
and abnormal pelvic anatomy. In clinical urogynecology, 
MRI is used to diagnose pelvic masses, periurethral masses, 
suburethral diverticulum, ureteral obstruction, pelvic organ 
prolapse, levator abnormalities, anal sphincter defect, and 
other conditions. 

MRI can diagnose ureteral obstruction and its cause 
without using intravenous contrast material or ionizing 
radiation. Its disadvantages include an inability to visualize 
ureteral calculi, the longer acquisition time for images and 
related difficulty with dynamic imaging, and the cost of the 
procedure. The use of MRI to diagnose ureteral obstruction 
should be reserved for patients with allergies to iodinated 
contrast material, contraindications to ionizing radiation, or 
renal failure, and perhaps patients with associated complex 
masses or prolapse. 

In the diagnosis of urethral diverticulum, several stud- 
ies reported that MRI accurately showed the presence 
of diverticulum with 100% sensitivity. Therefore, MRI 
is considered a reference standard technology for diag- 
nosing and characterizing urethral diverticulum. MRI 
affords superb resolution and provides valuable infor- 
mation for surgical planning (Fig. 13.16). The ability of 
MRI to differentiate between the solid and cystic masses 
also makes this imaging modality instrumental in distin- 
guishing urethral diverticulum from other periurethral 
masses and differentiating between benign and malignant 
processes. 

Strohbehn et al. (1996) compared MRI findings with 
periurethral and levator ani anatomy at dissection in female 
cadavers. The internal urethral anatomy visible on MRI was 
identified and confirmed histologically. The origin, lateral 
attachment, and insertion of the levator ani were confirmed 
during dissection. Their findings demonstrated that MRI 
images reflected actual anatomy. 

Numerous studies have used MRI technology to 
describe various defects in pelvic floor anatomy that 
possibly contribute to urinary incontinence and pelvic 
organ prolapse. Three-dimensional MRI studies have 
allowed visualization of the entire vaginal wall, includ- 
ing lateral margins, and have increased our understand- 
ing of the anatomic defects in the anterior and posterior 
compartments. 

Kirschner-Hermanns et al. (1993) and Fielding et al. 
(2000) found that stress urinary incontinence was associ- 
ated with atrophy, laxity, and thinning of the levator ani 
muscles on MRI. Klutke et al. (1990) used MRI to compare 
the periurethral anatomy of women with stress urinary 
incontinence with asymptomatic controls. They found that 
incontinent women have an oblique urethropelvic ligament, 
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FIGURE 13.16 Complex urethral diverticulum. u, urethra. (From: 
Tunitsky E, Goldman HB, Ridgeway B. Periurethral mass: a rare and 


puzzling entity. Obstet Gynecol 2012;120:1459, with permission.) 


an inverted U-shaped vaginal lumen, and an increase in 
the distance between the symphysis pubis and the blad- 
der neck. In contrast, asymptomatic controls have more 
horizontal urethropelvic ligaments, closer proximity of 
the bladder neck to the symphysis pubis, and an H-shaped 
vagina with the anterior vaginal wall conforming well to the 
urethra. 

Three-dimensional dynamic MRI has been used to 
describe and quantify anterior, paravaginal, and posterior 
defects. Because of very high soft tissue resolution, dynamic 
MRI can also reveal complex pelvic floor weaknesses that 
are difficult to appreciate clinically. Also, less common 
pelvic conditions, such as sigmoidocele, perineocele (Fig. 
13.17), and perineal descent, can be visualized and may 
thus improve surgical planning. Because the reference point 
for clinical prolapse staging (hymen) cannot be visualized on 
MRI, lines between anatomic bony landmarks, such as the 
inferior border of the symphysis pubis to the last coccygeal 
joint (pubococcygeal line (PCL)) and a line extending along 
the longitudinal axis of the symphysis pubis in the sagittal 
plane, noted as the midpubic line (MPL), have been used 
as a reference to quantify prolapse. The MPL seems to cor- 
respond to the level of the hymen, as shown by studies on 
cadaveric dissection. Staging systems exist for both the PCL 
and MPL. 

Larson et al. (2012) compared MRI studies of women 
with normal support and those with predominately ante- 
rior prolapse. The authors found significant changes in 
both midline and lateral regions of the vagina, and that a 
strong correlation exists between the paravaginal defects 
and apical distance. When evaluating posterior compart- 
ment defects, DeLancey et al. (2012) found that in women 
with rectoceles, compared with women with normal sup- 
port, there was increased folding (“kneeling”) of the vagina 
and an overall downward displacement during Valsalva 
maneuver. 

Levator ani muscle avulsion is a disconnection of the 
muscle from its insertion on the inferior pubic ramus and 
the pelvic side wall. As previously mentioned, the unilateral 
and bilateral disconnection as well as thinning of the mus- 
cle can be visualized using 3D ultrasound. These defects 
have also been extensively studied using MRI technology. 
Furthermore, MRI allows identification of specific muscle 
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FIGURE 13.17 Severe pelvic floor relaxation with perineocele (perineal hernia). A, Resting MRI. B, Straining MRI showing large hernia with 


small bowel prolapsing against the perineum. 


groups within the levator ani muscle complex. When com- 
paring primiparous women soon after delivery, most leva- 
tor ani injuries primarily involved the pubic portion of the 
muscle and few defects were in the iliococcygeal muscle. 
In a follow-up study, DeLancey et al. (2012) confirmed 
that puborectal muscle is rarely affected and may be more 
prominent in the presence of a levator injury. This find- 
ing was theorized to be a compensatory hypertrophy of the 
dorsal portion of the muscle when the ventral muscle is 
damaged. 

The limitations of most studies that use MRI include 
the small number of subjects and comparisons of isolated 
compartment defects. Not all women with pelvic floor pro- 
lapse have abnormal morphologic features. A considerable 
variation in the size and configuration of pelvic floor struc- 
tures has been found in nulliparous asymptomatic women. 
It would require a study with a large sample size and strict 
inclusion criteria to define precisely the functional impli- 
cations of specific MRI findings. Other important limita- 
tions of MRI are that it is expensive, time-consuming, and 
not widely available. Furthermore, findings from 2D and 
3D MRI studies have not yet been fully validated clinically 
or surgically. Nevertheless, the superb visualization of the 
complex anatomy allows a much more precise understand- 
ing of anatomic defects and enhances our understanding of 
the mechanism of injury. Advances in research that use MRI 
technology may lead to new developments in prevention 
and surgical approaches for the treatment of pelvic floor 
disorders. 


Computed Tomography 


In urogynecology, CT urogram (CTU) is primarily used in 
evaluating hematuria or to determine the etiology of ure- 
teral obstruction or diagnosing a genitourinary fistula when 
other imaging modalities cannot diagnose the underlying 
cause (Fig. 13.18). CTU has also replaced IVP as the imag- 
ing modality of choice for the workup of urologic malignan- 
cies, and a CT without contrast is used to detect kidney 
stones. This diagnostic capability results from its ability to 


FIGURE 13.18 CTU demonstrating uretero-vaginal fistula. Contrast 
dye visualized in the bladder (B) and the vagina (V). 


provide cross-sectional visualization of the entire urinary 
tract. The helical CT technology allows rapid and continu- 
ous acquisition of scans through large areas of the body. 
The images are usually displayed in an axial 2D mode with 
the capability for 3D reconstruction. This additional capa- 
bility provides even better anatomic detail of the urinary 
tract and its surrounding structures and allows helical CT 
to accurately characterize intrinsic and extrinsic causes of 
ureteral obstruction. CT is also effective in imaging abdom- 
inal and pelvic masses and is an excellent technique for 
studying suspected postoperative pelvic hematomas and 
abscesses (Fig. 13.19) and as preliminary study for certain 
interventional radiology procedures. However, because 
of its ionization radiation, the length of time it takes to 
image pelvic organs, and its limited ability to contrast soft 
tissues, CT has not been used extensively to study pelvic 
floor disorders. 
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FIGURE 13.19 Pelvic CT scan of patient with a 10-cm hematoma 
(H) in the space of Retzius next to the bladder (B). (From: Walters 
MD, Tulikangas PK, LaSala C, Muir TW. Vascular injury during tension- 
free vaginal tape procedure for stress urinary incontinence: a report of 
two cases and review of the literature. Obstet Gynecol 2001;98:957, 
with permission.) 
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Gynecologists frequently encounter patients with abnor- 
mal bowel, bladder, and sexual function. Normal pelvic 
visceral function depends on the complex interactions of 
intact somatic and autonomic nervous systems. Several 
diseases or injuries of the central and peripheral nervous 
systems can result in alterations in pelvic visceral function 
(Box 14.1). The clinical evaluation of patients with urinary 
incontinence, fecal incontinence, voiding dysfunction, def- 
ecatory dysfunction, or pelvic organ prolapse should include 
a history and physical examination that includes a clinical 
neurologic evaluation. When this evaluation suggests the 
possibility of an underlying neurologic condition, several 
neurophysiologic tests can be performed to assist in diagno- 
sis. This chapter will review the common electrophysiologic 
tests used to investigate the neuromuscular consequences 
of potential neurologic conditions that may affect pelvic 
floor and pelvic organ function, including electromyography 
(EMG), nerve conduction studies, and sacral reflex studies. 

It is important to understand that restrictions created by 
pelvic neuroanatomy limit some of the information gleaned 
from these neurophysiologic tests, when compared to those 
performed on the limbs and trunk. In general, we seek to 
understand the integrity of the autonomic nervous system, 
the somatic motor system, neurologic reflexes, and the 
sensory system. Commonly used tests to evaluate the auto- 
nomic function of the bladder and bowel include urody- 
namics and anal manometry (described in Chapters 10, 11, 
31, and 32). Tests that are used to directly investigate the 
integrity of the somatic innervation of the pelvic floor mus- 
cles and urinary and anal sphincters include EMG, nerve 
conduction studies (e.g., the pudendal nerve terminal motor 
latency [PNTML]), and relevant sacral reflexes. 

Neurophysiologic tests have played an important role 
in expanding our understanding of the relationship among 
vaginal childbirth, pelvic floor denervation, and pudendal 
neuropathy, and the development of disorders of the pelvic 
floor such as urinary and fecal incontinence and pelvic organ 
prolapse. However, at this point, these electrophysiologic 
evaluations have had little impact on our ability to discrimi- 
nate diagnoses or predict likelihood of treatment success 
in individual patients. Further advances in this arena are 
needed before they can be clinically applied in a widespread 
manner. 
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BRAIN LESIONS 

Dementia 

Frontal lobe lesion 

Cerebrovascular accident 

Parkinson’s disease 

Multiple sclerosis 

Hydrocephalus 

Multiple system atrophy (Shy-Drager syndrome) 


SPINAL CORD LESIONS 

Spinal cord injury 

Intervertebral disk disease 

Multiple sclerosis 

Spinal stenosis 

Transverse myelitis 

Infections (Lyme disease, herpes zoster, AIDS, polio, tabes 
dorsalis) 

Neoplasm infarction 


CAUDA EQUINA LESIONS 
Intervertebral disk disease (central herniation) 
Spinal stenosis trauma 
Ankylosing spondylitis 
PERIPHERAL NERVE LESIONS 
Childbirth-related injury 
Radical pelvic surgery 

Trauma 

Guillain-Barré syndrome 
Radiation 

Diabetes mellitus 

Neoplasm infarction 
Endometriosis 


Electrodiagnostic Testing 


Common neurophysiologic tests used to investigate periph- 
eral neurologic disease include EMG, nerve conduction 
studies, and spinal reflex testing. These tests are often per- 
formed together, because each provides unique information 
about the integrity of the nervous system. The results of 
electrodiagnostic testing should always be interpreted in the 
context of the patient’s clinical presentation and examina- 
tion findings. Other tests that are often useful in evaluation 
of the patient with pelvic floor symptoms and suspected 
neurologic disease include urodynamics, anal manometry, 
magnetic resonance imaging (MRI; lumbar and pelvic), 
dynamic proctography, and endoanal ultrasound. 

The following section is intended to provide a fundamen- 
tal overview of the neurophysiologic tests commonly used 
in the investigation of pelvic floor disorders. Some common 
indications for neurophysiologic testing of the pelvic floor 
are listed in Box 14.2. 


Electromyography 


The term electromyography is a general term that refers 
to methods of studying electrical activity of muscle. Vari- 
ous EMG techniques exist, each with its own indications, 
advantages, and limitations. Of the many EMG tech- 
niques, only a few have use for the study of pelvic floor 
disorders. EMG techniques study neuromuscular activity 


Incontinence or voiding dysfunction associated with abnormal 

lower extremity or sacral neurologic examination 

Pelvic floor disorder in a patient with known neurologic 

disease (i.e., multiple sclerosis, Parkinson’s disease, etc.) 

e Voiding dysfunction in young women 

Urinary retention in patient without obvious cause (i.e., 

advanced pelvic organ prolapse, previous anti-incontinence 

surgery) 

e Diabetic patients with bowel or bladder disorders 

e Evaluation for neurogenic fecal incontinence 

e Prior to anal sphincter repair (for prognosis and/or sphincter 
mapping) 

e Unexplained perineal numbness or pain 

e For differentiation between early Parkinson’s disease and 

multiple system atrophy 

Bowel or bladder dysfunction unexplained after standard 

evaluation 

Potential Indications (under investigation): 

e During sacral neuromodulation implantation in patient with 

refractory urge urinary incontinence or fecal incontinence 


of striated muscles, using a recording electrode that is 
inserted into or placed on the surface of a muscle. Bio- 
electric potentials generated by the depolarization of the 
skeletal striated muscle are picked up by this electrode 
and then filtered and amplified. They are displayed on an 
oscilloscope for visual analysis and fed through a speaker 
system so they can be monitored acoustically. Modern 
computer-based equipment allows for conversion of the 
signal into digital data that can then be easily stored, pro- 
cessed, and analyzed. 

In order to fully understand the use of EMG, it is impor- 
tant to understand the structure and function of the so- 
called “motor unit.” Lower motor neuron cell bodies reside 
in the anterior horn of the spinal cord. The axon from this 
neuron will branch and innervate several muscle fibers scat- 
tered in a mosaic pattern throughout the muscle. All of the 
muscle fibers from this neuron will be activated together 
and are considered the motor unit. 

Electromyographic studies used to evaluate pelvic floor 
disorders can be separated broadly into two categories: 
kinesiologic EMG (kEMG) and motor-unit EMG. Kine- 
siologic EMG is used to simply assess the presence and 
timing of activity or inactivity of a muscle, usually the 
urethral or anal sphincter. It is used in conjunction with 
physiologic tests, such as urodynamics and anal manom- 
etry, to assess sphincter relaxation during voiding or def- 
ecation. Kinesiologic EMG is also used for biofeedback 
during pelvic muscle rehabilitation for treatment of uri- 
nary or fecal incontinence. In contrast, motor-unit EMG 
is a diagnostic test used to assess the neuromuscular func- 
tion of a muscle. It can differentiate normal muscle from 
denervated/reinnervated or myopathic muscle. Com- 
mon techniques used for motor-unit EMG are concentric 
needle EMG (CnEMG) and single-fiber EMG (SfEMG). 
Motor-unit EMG that uses computer-assisted digital anal- 
ysis to obtain a faster, more standardized, and detailed 
assessment of neuromuscular function than traditional 
needle EMG is known as quantitative EMG (qEMG). 
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The general principles, techniques, interpretation, and 
limitations of each EMG technique as it applies to the 
investigation of pelvic floor disorders and sacral neurologic 
disease are outlined in the next section. 


Kinesiologic EMG 


Kinesiologic EMG is used to assess the activity or inactivity 
of a muscle during a defined activity. The technique pro- 
vides information on the timing of a muscle contraction by 
recording the increase in electrical activity that occurs dur- 
ing a contraction through surface or wire/needle electrodes 
placed on or within the specific muscle(s) being investi- 
gated. This increase in electrical activity correlates moder- 
ately with muscle strength and has been used by some as 
a surrogate for measuring this parameter. However, KEMG 
cannot be used to detect neuropathic or myopathic changes 
within a muscle. 

In the investigation of pelvic floor disorders, KEMG is 
used most frequently during urodynamic evaluations. Spe- 
cifically, it is used to assess urethral sphincter and/or pel- 
vic floor muscle activity during voiding. By simultaneously 
recording pelvic floor muscle activity using kKEMG, and 
detrusor pressure using the urodynamic pressure catheters, 
detrusor/sphincter coordination can be assessed. The pri- 
mary role of KEMG in this context is to detect the condi- 
tion of detrusor sphincter dyssynergia in which a detrusor 
contraction is coupled with a simultaneous urethral sphinc- 
ter contraction, resulting in abnormal voiding and urinary 
retention. Similarly, KEMG can also be used to investigate 
coordinated relaxation of the levator ani muscles during 
defecation. This EMG technique has been used by some 
to diagnose anismus, a condition characterized by an inap- 
propriate contraction of the levator ani complex, particu- 
larly the puborectalis muscle, during defecation resulting in 
obstructed evacuation. Another common use for kKEMG is 
to provide visual and/or audio biofeedback of pelvic floor 
muscle activity during a pelvic muscle exercise program 
for treatment of urinary or fecal incontinence. Pelvic floor 
rehabilitation using biofeedback has long been advocated as 
more effective than teaching pelvic muscle exercises with 
verbal instructions alone, although other studies have called 
this into question. 

Kinesiologic EMG can be performed with various types 
of surface or intramuscular (needle or wire) electrodes. Sur- 
face electrodes measure the net electrical activity within a 
muscle. They have the advantage of being simple and non- 
invasive; however, they are prone to artifact and contamina- 
tion from signals from other muscles. Because they measure 
net electrical activity of a muscle and are not capable of 
measuring individual motor unit potentials, surface elec- 
trodes cannot be used to diagnostically evaluate for dener- 
vation/reinnervation injury or myopathic diseases. Surface 
electrodes are used commonly for biofeedback for pelvic 
floor strengthening in the treatment of urinary or fecal 
incontinence. For measuring levator ani activity, two small 
circular skin electrodes are commonly applied on each side 
of the perineum at 1 cm anterior to the anus. Anal plugs 
with concentric ring electrodes are commonly used to assess 
external anal sphincter activity for biofeedback-assisted 
sphincter strengthening for the treatment of fecal inconti- 
nence. Similarly, ring electrodes placed on a Foley catheter 


at 1 cm distal from the balloon have been used to measure 
urethral sphincter activity. Electrical activity measured 
from surface or ring electrodes are amplified and visually 
displayed on a computer screen and/or audibly projected 
through a speaker system to provide the patient with imme- 
diate feedback during a contraction. Often surface elec- 
trodes are also placed on the gluteus or abdominal muscles 
so that patients can learn to appropriately contract their 
pelvic floor/sphincter muscles while avoiding simultaneous 
contraction from other surrounding muscle groups. 

To evaluate detrusor-sphincter coordination in a patient 
with voiding dysfunction, KEMG is performed in conjunc- 
tion with a urodynamic evaluation. This test is poorly stan- 
dardized, and either surface electrodes are applied to the 
perineum as described earlier or a wire electrode is placed 
periurethrally into the urethral sphincter. The electri- 
cal activity of the pelvic floor/urethral sphincter is then 
recorded during the voiding phase of the study. 

In a neurologically intact subject, voiding is character- 
ized by cessation of all sphincter EMG activity just before 
contraction of the detrusor muscle. In patients who have 
spinal cord lesions between the lower sacral segments and 
the upper pons, coordination between the detrusor muscle 
and the urethral sphincter can be lost. This detrusor sphinc- 
ter dyssynergia is characterized by an increase in sphincter 
EMG activity during a detrusor contraction rather than a 
decrease, and these patients typically have severe voiding 
dysfunction and urinary retention. 

Asa diagnostic test, except for the evaluation of detrusor- 
sphincter coordination, the relevance of KEMG is unclear, 
and no standardized method for performing or interpreting 
kEMG has been accepted. In the artificial setting of the uro- 
dynamic laboratory, many neurologically intact women will 
contract their urethral sphincter during voiding because of 
embarrassment and/or the discomfort of the urethral cath- 
eters and electrodes. Therefore, it is important to ask the 
patient whether she is trying to stop voiding voluntarily so 
that detrusor sphincter dyssynergia is not diagnosed in error. 
In a study of 550 consecutive patients, Blaivas et al. (1981) 
found that dyssynergia was found only in patients with 
well-defined lesions of the suprasacral spinal cord. There- 
fore, the diagnosis of detrusor sphincter dyssynergia made 
in the absence of other neurologic deficits consistent with 
this level of injury should be suspect. Inappropriate urethral 
contraction during voiding can also be a learned behavior 
resulting in dysfunctional voiding. 

As a method of biofeedback, KEMG is useful, but the 


limitations associated with surface electrodes still apply. 


Concentric Needle EMG 


CnEMG is a widely used diagnostic test for evaluating the 
neuromuscular integrity of skeletal muscles. It can be used 
to differentiate normal muscle from muscle that is neuro- 
pathic or myopathic. A concentric needle electrode consists 
of a stainless steel outer cannula within which runs a fine 
silver, steel, or platinum wire that is insulated except at its 
tip. The concentric needle is inserted into a muscle where 
the inner wire serves as a recording electrode, whereas the 
outer cannula serves as a reference electrode. Bioelectri- 
cal potentials are measured as voltage differences between 
the two electrodes that are then recorded, displayed, and 
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analyzed. A CnEMG examination provides information on 
the insertional activity, spontaneous activity, motor-unit 
action potentials (MUAPs), and recruitment pattern (also 
known as interference pattern) of a muscle. Interpretation 
of each component provides the examiner with informa- 
tion about the presence and duration of neuropathic and/or 
myopathic injury to the examined muscle (see later). 

CnEMG can be performed on an individual muscle, as 
on the anal sphincter when evaluating isolated fecal incon- 
tinence, or systematically performed on several muscles to 
determine the level of a neurologic injury. All muscles that 
are innervated by one spinal segment (level) are referred 
to as a myotome. Using CnEMG to systematically evaluate 
several muscles in different myotomes often permits local- 
ization of a lesion to the spinal root, nerve plexus, or an indi- 
vidual peripheral nerve. In a patient with bowel or bladder 
dysfunction in which a neurologic cause is suspected, a thor- 
ough evaluation often requires EMG of the lower extremity 
as well as pelvic floor musculature. 


Technique 


The clinical history and sacral neurologic examination should 
be reviewed carefully before beginning the EMG evaluation, 
because this will help determine which muscles should be 
examined. Ideally, the evaluation should be performed in 
a shielded room to prevent interference from other elec- 
tronic devices or AC power cords. The patient is placed in 
a comfortable position that allows access to the pelvic floor 
musculature, usually the dorsal lithotomy or lateral decubi- 
tus position. A grounding surface electrode is applied. Most 
laboratories do not use local anesthetics in any form before 
insertion of the needle electrodes, although some authors 
advocate using a topical anesthetic, particularly for examina- 
tion of the urethral or anal sphincter. After wiping the skin 
overlying the appropriate muscle with alcohol, the concen- 
tric needle electrode is inserted until the insertional activ- 
ity of the muscle is noted, confirming that the electrode is 
within the muscle. The EMG investigation consists of analy- 
sis of electrical activity at rest (assessment of spontaneous 
activity), at slight voluntary contraction (MUAP analysis), 
and at strong contraction (interference pattern analysis). 
Generally, the most painful portion of the examination is 
the initial insertion through the skin, so several sites within 
the muscle should be sampled by moving the tip of the nee- 
dle without removing it from the skin. Depending on the 
muscle, more than one skin penetration may be necessary. 
Both the visual output on the screen of the EMG machine 
and the audio output from the speaker are used to assess the 
quality of the recording and to identify electrophysiologic 
phenomena. Commonly used settings for CnEMG evalu- 
ation of the pelvic floor muscles are filter settings 5 Hz to 
10 kHz; horizontal sweep speed 10 ms/div; and gain setting 
50 to 500 mV/div. 


Anal Sphincter 


Both the subcutaneous and deep portions of the external 
anal sphincter (EAS) are accessible for CnEMG evaluation. 
To study the subcutaneous portion of the EAS, the needle 
electrode is inserted 1 cm outside the mucocutaneous junc- 
tion of the anal orifice, to a depth of 3 to 6 mm beneath the 


skin. The deep portion of the EAS is assessed by inserting 
the needle at the mucocutaneous junction of the anus, at 
an angle of about 30 degrees to the anal canal axis, for a 
depth of 1 to 3 cm. The subcutaneous and/or deep portion 
of the EAS is sampled on both sides, although there is no 
discrete neuromuscular junction, so motor units from the 
left side may be sampled on the right side, and vice versa 
(Enck et al., 2004). Ideally, 20 or more MUAPs should be 
sampled during the evaluation (Fig. 14.1). 

“Anal mapping” has been used in the past to identify the 
location of a sphincter defect before an anal sphinctero- 
plasty in the treatment of fecal incontinence. To identify the 
precise location of a sphincter defect, more needle inser- 
tions are typically required, usually at 9 o’clock, 10 o'clock, 
12 o'clock, 2 o’clock, 3 o'clock, and 6 o’clock positions. 
Endoanal ultrasound has largely replaced anal mapping with 
EMG for the identification and localization of sphincter 
defects. 


Urethral Sphincter 


The external urethral sphincter can be studied by insert- 
ing the electrode into the sphincter muscle periurethrally or 
transvaginally. For the periurethral approach, the needle is 
inserted approximately 5 mm anterior to the external ure- 
thral meatus (12 o’clock) to a depth of about 1 to 2 cm. 
For the transvaginal approach, the posterior vaginal wall 
is retracted with a speculum, and the needle is inserted 
approximately 2 cm proximal to the external urethral 


FIGURE 14.1 Concentric needle electromyography of the anal 
sphincter. The subcutaneous portion of the external anal sphincter 
(EAS) is examined by inserting the needle electrode (A) 1 cm outside 
the mucocutaneous junction of the anal orifice, to a depth of 3 to 
6 mm beneath the skin. The deep portion of the EAS is assessed by 
inserting the needle (B) at the mucocutaneous junction of the anus, 
at an angle of about 30 degrees to the anal canal axis, for a depth 
of 1 to 3 cm. The subcutaneous and/or deep portion of the EAS are 
sampled in four quadrants, divided into the upper and lower, left 
and right portions of the sphincter (inset). (Reprinted with the permis- 
sion of the Cleveland Clinic Foundation.) 
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meatus, off the midline, and directed laterally into the ure- 
thral sphincter. Although slightly more painful, the periure- 
thral approach provides superior sampling of the urethral 
sphincter, obtaining as many as twice the number of MUAPs 
as the transvaginal approach. At least 10 MUAPs should be 
recorded to adequately evaluate the urethra. 


Bulbocavernosus Muscle 


The bulbocavernosus muscle is a readily accessible peri- 
neal muscle that is innervated by the perineal branch of the 
pudendal nerve. The bulbocavernosus muscle can be reached 
either transmucosally, with a needle insertion medial to the 
labia minora, or through the skin lateral to the labia majora. 


Levator Ani 


The iliococcygeus portion of the levator ani muscle complex 
is investigated using a transvaginal approach. The muscles 
are localized by first inserting two fingers into the vagina 
and asking the patient to contract. One side of the leva- 
tor complex is isolated, and the electrode is inserted using 
the opposite hand. The ischial spine can be used as a fixed 
reference point and sites relative to this easily identifiable 
landmark can be chosen (Weidner et al., 2000). This is then 
repeated on the opposite side. The puborectalis muscle can 
be accessed from either a transvaginal or perineal approach. 
For the transvaginal approach, an index finger is placed just 
inside the vaginal introitus. The distal pubovisceralis mus- 
cles are palpated. Approximately 1.5 cm caudal to the inser- 
tion into the pubic bone, the needle electrode is inserted. It 
is important to discern which portion of the levator ani is 
being analyzed, because there are differences in the behav- 
ior and quantitative parameters at different sites (Gregory 
et al., 2010). For a perineal approach, a larger needle can be 
used and inserted approximately 1 cm posterior to the anus 
in the midline for a depth of approximately 3 cm. 


Lower Extremity 


Bladder and bowel dysfunction are not uncommon when 
there are lesions involving the lumbosacral nerve roots and/ 
or lumbosacral plexus. These lesions typically also affect 
innervation of the lower extremity. Therefore, whenever 
a patient’s history and examination suggest lower extrem- 
ity involvement as well as bowel and/or bladder dysfunc- 
tion, the electrophysiologic evaluation should include the 
muscles of the lower extremity as well as the pelvic floor. A 
detailed description of the CnEMG evaluation of the lower 
extremity musculature is beyond the scope of this text. 
However, muscles that are often useful in such an evalua- 
tion include quadriceps (L3, L4; femoral nerve); adductor 
longus (L4; obturator nerve); tibialis anterior (L4, L5; deep 
peroneal nerve); gastrocnemius (S1, S2; tibial nerve); glu- 
teus maximus (S1; superior gluteal nerve); gluteus medius 
(L5; inferior gluteal nerve); adductor hallucis brevis (S1, S2; 
tibial nerve); and the paraspinal muscles from L3 to S1. 


Interpretation 


CnEMG is a valuable tool for evaluating lower motor neu- 
ron disease and muscle disease. Lesions involving the upper 


motor neurons in isolation have a normal EMG evaluation. 
The initial assessment in any CnEMG examination is an 
evaluation for insertional activity, which is the electrical 
activity that occurs when the needle electrode is first intro- 
duced into a muscle or is moved, is the result of mechanical 
stimulation or injury of the muscle fibers, and usually stops 
within about 2 s of movement. The presence of insertional 
activity confirms that the electrode has been placed within 
the muscle. Absence of insertional activity with an appro- 
priately placed needle electrode usually means a complete 
atrophy of the examined muscle. Once the needle has been 
properly placed, the patient is asked to completely relax 
the muscle being examined, and the presence or absence of 
spontaneous activity is assessed. Denervated muscle fibers 
may produce rhythmic spontaneous electric potentials, such 
as fibrillation waves or positive sharp waves. The presence 
of this spontaneous activity in a resting muscle is a sign of 
denervation. In the urethral sphincter, the anal sphincter, 
and the levator ani muscles, which all tonically contract even 
in the resting state, the only normal spontaneous activity is 
normal MUAPs. In limb muscles and the bulbocavernosus 
muscle, which do not tonically contract, there should be a 
complete absence of spontaneous activity at rest. The pel- 
vic floor muscles achieve complete electrical silence during 
voiding and defecation. Spontaneous activity that is found 
in pathologic conditions includes fibrillation potentials, posi- 
tive sharp waves, complex repetitive discharges, fascicula- 
tions, myotonia, myokymia, and neuromyotonia (Fig. 14.2). 
Fibrillation potentials are biphasic muscle fiber potentials 
that occur spontaneously and typically have an amplitude 
of between 20 mV and 300 mV and a duration of less than 
5 ms. They usually fire rhythmically at a rate of 2 to 20 Hz. 


Fibrillation potentials 


Positive sharp waves 


Complex repetitive discharges 


| 100 mV 


10 ms 


FIGURE 14.2 Examples of abnormal spontaneous activity seen dur- 
ing concentric needle electromyography. 
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Fibrillation potentials develop 2 to 30 days after an injury 
and can occur with a motor nerve lesion as well as with 
primary muscle diseases, such as acute muscle injury, mus- 
cular dystrophies, and inflammatory myopathies. Positive 
sharp waves are biphasic waves with an amplitude of 20 to 
500 mV and a l- to 5-ms duration. They are more com- 
mon than fibrillations and have a similar clinical significance. 
Complex repetitive discharges (CRDs) are spontaneous high- 
frequency discharges with a regular firing pattern beginning 
and ending abruptly that can be bizarre in appearance. They 
can be found after chronic partial denervation, muscular 
dystrophy, inflammatory myopathies, and in some metabolic 
disorders. The striated urethral sphincter appears to be par- 
ticularly likely to develop CRDs, which have been found in 
association with urinary retention in young women (Fowler’s 
syndrome) and even in some neurologically normal women. 
As described previously, the motor unit is the smallest 
functional unit of the motor system and consists of a motor 
neuron, its axon, and all of the muscle fibers innervated by 
the axon. The motor unit in a normal human limb muscle 
consists of several dozen muscle fibers lying within an area 
of 5 to 10 mm diameter. The MUAP is a compound poten- 
tial representing the sum of the individual action potentials 
generated in the few muscle fibers of the motor unit that 
are within the pickup range of the recording electrode. After 
a determination about spontaneous activity is made, the 
patient is asked to slightly contract the muscle being exam- 
ined (if needed), and attention is turned to MUAP analysis. 
The shape, amplitude, duration, number of phases, and sta- 
bility of each MUAP should be assessed. Most EMG units 
have a trigger-and-delay mechanism that allows MUAPs to 
be “frozen” for more careful analysis. Ideally, 20 or more 
MUAPs should be sampled for each muscle. This is often 
difficult for striated urethral sphincter, where analysis of 10 
MUAPs is often all that can be achieved due to the small 
size of the muscle. Muscles that have been denervated and 
reinnervated, and muscles that are myopathic, have distinct 
MUAP characteristics from those of normal muscle (Fig. 
14.3). The morphology of a MUAP reflects, among other 
things, the number and local concentration of muscle fibers 
comprising a motor unit. After a neuronal injury, the muscle 
fibers innervated by that neuron begin to atrophy. Adjacent 
nerve fibers attempt to reinnervate these denervated muscle 
fibers, resulting in a neuron that now supplies a greater num- 
ber of muscle fibers. This creates a MUAP with larger ampli- 
tude, longer duration, and a greater number of phases and 
turns. Because these changes depend upon reinnervation by 
an adjacent motor neuron, large complex polyphasic MUAPs 
are not typically seen until 3 to 6 months after a nerve injury. 
In the setting of an acute nerve injury, reinnervation has not 
had time to occur and MUAP morphology is normal. Myo- 
pathic injury results in a loss of muscle fibers and therefore a 
motor unit with fewer muscle fibers. This results in a MUAP 
with shorter duration and smaller amplitude than normal. 
After performing MUAP analysis, the patient is asked 
to increase her contraction effort, and motor unit recruit- 
ment is assessed. In normal muscle, as the force of voluntary 
contraction increases, motor units are recruited in a specific 
order that is determined by the thresholds inherent to the 
individual unit. Therefore, a sequential increase occurs in 
the firing rate of MUAPs as well as a sequential acquisition 
of new higher threshold MUAPs as the force of voluntary 
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FIGURE 14.3 A normal motor unit (top left) consists of a motor neu- 
ron, its axon, and all of the muscle fibers that it innervates. A nor- 
mal motor unit action potential (MUAP) (top) is characterized by its 
amplitude, duration, and number of phases (usually three to four). 
Denervation of a motor unit (middle) results in death of some motor 
fibers and reinnervation of others via collateral sprouting from an 
adjacent motor unit axon. This results in a more complex MUAP 
with greater amplitude, duration, and number of phases. Myopathy 
(bottom) results in death of muscle fibers without subsequent rein- 
nervation, resulting in MUAPs with decreased amplitude. 


contraction increases. Analyzing this pattern of recruitment, 
often called an interference pattern, provides additional infor- 
mation about the health of a muscle and its innervation. An 
interference pattern is called “full” or “complete” when the 
number and firing rate of the individual MUAPs becomes so 
great that they can no longer be distinguished and the base- 
line is obscured (Fig. 14.4). Recruitment is normal when a 
complete interference pattern occurs at maximal effort. In 
neuropathic disorders, a reduced number of motor units is 
present so a decreased recruitment and an incomplete inter- 
ference pattern are present, although the remaining units fire 
rapidly. In myopathic disorders, muscle fibers are reduced 
and the number of motor units is normal. A complete inter- 
ference pattern is seen, but it occurs at much less than maxi- 
mal effort, and the amplitude to the MUAPs is reduced. 
The chronicity of a nerve lesion can be determined by 
the CnEMG features present. In an acute nerve lesion, rein- 
nervation has not occurred so the MUAPs have normal mor- 
phology. The number of motor units is reduced, however, 
so recruitment is decreased. Between 2 and 30 days after 
an injury, spontaneous activity, such as fibrillation potentials 
and positive sharp waves, become apparent and insertional 
activity becomes longer. Between 3 and 6 months after 
an injury, reinnervation has occurred so the MUAPs become 
larger and more complex. The location of a nerve lesion 
is determined by the pattern of muscles demonstrating 
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FIGURE 14.4 Normal interference pattern (top); neuropathic interfer- 
ence pattern characterized by increased amplitude, reduced number 
of motor unit action potentials (MUAPs), and a rapid rate (middle); 
myopathic interference pattern characterized by decreased ampli- 
tude and a normal number of MUAPs (bottom); myopathic interfer- 
ence patterns become “full” at lesser degrees of muscle contraction. 


denervation. For instance, neuropathic CnEMG findings in 
the external anal sphincter, but normal findings in the levator 
ani muscle and bulbocavernosus muscle, suggest an isolated 
lesion involving the inferior rectal branch of the pudendal 
nerve. In contrast, if neuropathic findings were found in the 
external anal sphincter, the right levator ani muscle, the right 
gluteus maximus and gluteus medius muscles—but not on 
the left side or in the L5, S1 paraspinal muscles—this would 
suggest a right-sided lumbosacral plexus lesion. 

Traditionally, CnEMG has depended largely on an exam- 
iner’s auditory and visual impression for analysis. In an 
attempt to improve the accuracy, reliability, and speed with 
which CnEMG can be performed, quantitative techniques 
have been developed. Although the first form of EMG was 
introduced in the 1950s, it did not become widespread until 
recently, when newer EMG machines became computer- 
ized. The technical aspects of performing a qEMG evalua- 
tion are identical to conventional CnEMG described earlier. 
The difference is in the analysis, where computerized digital 
analysis is performed on the collected EMG data, allowing 
a much more detailed evaluation of neuromuscular function 
in a shorter period. Two complementary forms of qEMG are 
(1) analysis of multiple motor unit action potentials (multi- 
MUAP analysis) and (2) interference pattern analysis. In 
several recent studies, EMG has been applied to the inves- 
tigation of the pelvic floor muscles. 

In multi-MUAP analysis, the examiner identifies a period 
of crisp EMG activity during a slight-to-moderate muscle con- 
traction. The computer uses a system of template matching 
to automatically extract, quantify, and sort any well-defined 
MUAPs according to their shape. This allows a rapid acqui- 
sition of data, such that the 20 to 30 MUAPs needed to 
adequately describe a muscle can be obtained in only a few 
minutes. Several MUAP parameters are then quantified, 


Neuropathy 


Amplitude (mV) 


Myopathy 


Turns (s) 


Neuropathy 


Amplitude (mV) 


Myopathy 


Turns (s) 


Neuropathy 


Amplitude (mV) 


Myopathy 


Turns (s) 


FIGURE 14.5 Turn/amplitude cloud analysis is a quantitative 
method of analyzing interference patterns. Normal muscle (top) is 
characterized by all points being located within the “normal cloud” 
boundaries. Neuropathic muscle (middle) is characterized by MUAPs 
with greater amplitude and decreased turns/second, so points will 
be located above and to the left of the “normal cloud.” Myopathic 
muscle (bottom) is characterized by MUAPs with decreased ampli- 
tude, so points will be located below the “normal cloud.” 


including amplitude, duration, area, number of phases, num- 
ber of turns, rise time, and spike duration. Thickness (area/ 
amplitude) and size index (2xlog [amplitude+area/ 
amplitude]) are automatically calculated by the computer 
and assist in differentiating between normal and myopathic 
or neuropathic muscles. Normative data for the external anal 
sphincter, urethral sphincter, and levator ani muscles have 
been published and are available for comparison. 

Interference pattern analysis is a broad term used to 
describe one of several automatic quantitative techniques 
for evaluating muscle recruitment. Computerized analysis 
of interference patterns is particularly useful because the 
EMG signal recorded at even a moderate contraction is too 
dense to be accurately assessed by visual inspection. The 
most popular technique for interference pattern analysis is 
turns/amplitudes cloud analysis (Fig. 14.5). This method of 
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analysis is even faster than multi-MUAP analysis (2-3 min) 
and does not require a standardized force of contraction, 
eliminating an important source of variability. 

Although CnEMG is the most valuable tool for investi- 
gating lower motor neuron damage of the pelvic floor, it has 
several limitations. The primary limitation of needle EMG 
techniques in the evaluation of women with pelvic floor 
dysfunction is the lack of experience on the part of most 
gynecologists and the limited access to qualified experts 
with interest in studies of pelvic floor muscles and sphinc- 
ters. The role of CnEMG in the day-to-day evaluation and 
management of patients with urinary and fecal incontinence 
or other pelvic floor disorders has yet to be established and 
thus far appears to be limited. Techniques for EMG of the 
pelvic floor muscles have yet to be standardized, although 
some progress has been made by Podnar et al. (1999, 2000, 
2002) and others toward standardization of the evaluation 
of the anal sphincter. The adoption of qEMG techniques 
has improved the speed, accuracy, and reliability of conven- 
tional CnEMG evaluations, but widespread applicability 
remains limited because of the specialized equipment and 
expertise needed. The concentric needle electrode is inva- 
sive and can be painful, although it is usually well tolerated 
in most patients. 


Single-Fiber EMG 


SfEMG is a specialized test that allows sampling of individ- 
ual muscle fibers within a motor unit. An SfEMG electrode 
is slightly narrower than a CnEMG electrode and consists 
of a fine platinum of silver wire embedded in resin sur- 
rounded by an outer steel cannula. The inner wire serves as 
the recording electrode and exits a small aperture through 
the side of the electrode rather than at its tip. The pickup 
area of an SfEMG electrode is considerably smaller than 
a CnEMG electrode (300 microns versus 0.5 to 1 mm), 
allowing it to record only one to three individual muscle 
fibers within a muscle unit. The primary application of 
SfEMG in neurophysiologic investigation is for the diag- 
nosis of diseases of the neuromuscular junction, such as 
myasthenia gravis and Eaton-Lambert syndrome; however, 
this application is not used in the investigation of pelvic 
floor muscles. The principal SFEMG parameter that has 
been applied to the pelvic floor is the measurement of 
fiber density. Fiber density is the mean number of mus- 
cle fibers belonging to an individual motor unit axon per 
detection site. A finding of increased fiber density suggests 
reinnervation after a denervation injury. Reinnervation of 
denervated muscle fibers is achieved by collateral sprout- 
ing from adjacent uninjured axons, so that an individual 
motor unit axon will supply more muscle fibers (i.e., 
increased fiber density). 

The measurement of fiber density requires sampling of 
at least 20 sites in a muscle. This usually implies four skin 
insertions of the electrode for each muscle, with adjust- 
ments of the position of the electrode within each inser- 
tion site. Amplifiers are set so that low-frequency activity is 
eliminated (500 Hz-10 kHz) and each muscle fiber appears 
as a biphasic positive-negative action potential. The num- 
ber of muscle fiber action potentials present at each detec- 
tion site is averaged to determine fiber density. The normal 
fiber density of most limb muscles is approximately 2.0. 
The average fiber density for the anal sphincter is 1.5. Fiber 


density increases with both age and parity. The principal use 
of SfEMG and fiber density measurements in the investiga- 
tion of the pelvic floor has been in the evaluation for neuro- 
genic fecal incontinence. 

SfEMG is a sensitive test for detecting changes associated 
with reinnervation but is unable to detect changes associ- 
ated directly with denervation, such as abnormal insertional 
activity and spontaneous activity. Therefore, SFEMG is 
not useful in the acute setting because 3 to 6 months are 
required for reinnervation to occur. Although it was used 
more commonly two to three decades ago, SfEMG is no lon- 
ger widely used in neurophysiologic laboratories, except for 
the investigation of diseases of the neuromuscular junction. 


Nerve Conduction Studies 
PNTML and PeNTML 


The asymmetric distribution of ions between the inside 
(negative) and outside (positive) of a nerve cell creates a 
voltage potential, which, when breached (depolarization), 
allows the flow of current (electrons). Ohm’s law predicts 
that current, or nerve conduction, is inversely related to the 
resistance along the distance that the current travels. On an 
anatomic level, resistance is determined by the diameter of 
a neuron, the presence (or absence) of myelination, and the 
distance between nodes of Ranvier (bigger distances yield 
faster conduction velocities). Studies of nerve conduction 
all rely on the elementary formula: rate=distance/time. The 
clinical significance of nerve conduction studies draws from 
the fact that nerve injury affects the rate at which a nerve 
impulse travels. For example, because resistance would 
increase with a demyelinating injury, conduction veloc- 
ity would decrease. In a typical nerve conduction study, a 
voltage potential is applied between two points of known 
distance across a single nerve fiber. The time taken for the 
current to move between the two points is determined, and 
the rate or conduction is calculated from the aforemen- 
tioned formula. 

Outside of the pelvis, both motor and sensory nerve 
conduction studies are performed as part of routine neu- 
rophysiologic investigation. Conduction studies can aid in 
the diagnosis of peripheral neuropathy and can distinguish 
between axonal loss and segmental demyelination. Con- 
duction studies are also useful in localizing focal lesions to 
individual nerves, such as nerve entrapment syndromes (i.e., 
carpal tunnel syndrome). When applying these studies to pel- 
vic floor function, two studies are performed: pudendal nerve 
terminal motor latency (PNTML) and perineal nerve termi- 
nal motor latency (PENTML). The time taken for an applied 
stimulus to generate a motor or sensory response over a set 
distance is called latency (Fig. 14.6). For motor responses, 
the recorded contraction of a muscle in response to an elec- 
trical stimulus is called a compound motor action potential 
(CMAP). The amplitude of the CMAP is determined by 
the number of intact motor nerve fibers. However, CMAP 
amplitude can vary with the configuration of the test elec- 
trodes limiting its diagnostic value. Nerve latency is deter- 
mined by the fastest conducting fiber stimulated. Nerve cell 
depolarization is an all-or-nothing event; therefore, across 
any one nerve fiber only a finite voltage potential can be 
established. A nerve is composed of many fibers, some more 
conductive than others. If a stimulus does not depolarize all 
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FIGURE 14.6 A comparison of nerve conduction study techniques in the upper extremity and in the pelvis. Determination of nerve conduc- 
tion in the median nerve, with motor responses measured from the adductor pollicis muscle (left). In this case, all components of the rate 
formula (G = conduction velocity, D = distance in millimeters, Tı and Tz = latency times in milliseconds between the two measured points) are 
available. Pudendal nerve terminal motor latency determination is presented (right), with motor responses measured from the external anal 
sphincter. In this case, neither the distance nor proximal latency can be determined, hence conduction velocity cannot be determined. ms, 
milliseconds. (Reprinted with the permission of the Cleveland Clinic Foundation.) 


of the fibers within the studied nerve, the latency could be 
falsely prolonged. In Figure 14.6 the arrangement for mea- 
suring nerve conductions in the median nerve is displayed. 
Stimulated electrodes are placed distally and proximally, and 
the CMAPs are recorded from the abductor pollicis muscle. 
The distance is calculated between the two points of stimu- 
lation. The conduction velocity is calculated as the quotient 
of this distance divided by the differences in latencies from 
the two stimulating sites. Of importance is that the “time” 
portion of this equation is the distal latency subtracted from 
the proximal latency. Subtracting the distal latency removes 
the added conduction time attributed to the neuromuscular 
junction and muscle and allows calculation of the conduction 
velocity of the nerve alone. 

Currently, most clinicians use the St. Mark’s dispos- 
able electrode to perform PNTML and PeNTML. Figure 
14.7 shows the appearance of a St. Mark’s electrode with 
its stimulating electrode at the tip of the second digit and 
receiving electrode at the base of the same digit. Commonly 
approached rectally, the stimulating tip is placed at the level 
of the ischial spine to stimulate the pudendal nerve. A receiv- 
ing electrode situated at the level of the external anal sphinc- 
ter detects the elicited CMAP. Stimuli of 0.1-ms duration 
are applied at 1-s intervals as the stimulating tip is positioned 
over the pudendal nerve. Current intensity is increased grad- 
ually until a supramaximal response is noted. The “ideal” 
location is determined at the point that the external anal 


FIGURE 14.7 St. Mark’s disposable pudendal electrodes fitted over 
the index finger of a disposable glove. Stimulating anode and cath- 
ode are positioned at the fingertip; the recording electrode is posi- 
tioned at the base of the index finger. 


sphincter muscle is felt to contract and CMAPs are maximal. 
PeNTML uses the same technique except that the receiv- 
ing electrode is a modified bladder catheter that detects the 
CMAP associated with the striated urethral sphincter. The 
actual conduction velocity of a stimulus along these pelvic 
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nerves is not calculated because the traveled distance is 
unknown; instead, only the latency is determined. Another 
method for measuring PNTML uses concentric needles 
placed in the bulbocavernosus or external anal sphincter 
muscles with bipolar stimulation of the perianal or perineal 
surfaces. Interestingly, this technique yields different results 
than the commonly used St. Mark’s technique. 

No universally agreed latency defines a patient as 
abnormal. Instead, each laboratory must establish its 
own normal values, with dysfunction typically defined as 
any values greater than two standard deviations from the 
mean. These values should consider the differences that 
have been demonstrated with age and sex. Additionally, 
each testing program should specify the patient position- 
ing because this seems to affect the reproducibility of the 
technique. Generally, PNTML is considered prolonged 
(abnormal) when greater than 2.4 ms and PENTML when 
greater than 2.6 ms. 

PNTML is perhaps the most common electrophysiologic 
test used in clinical practice for the diagnosis and manage- 
ment of pelvic floor disorders. This method is relatively sim- 
ple and easy to learn, unlike many other neurophysiologic 
tests. Unfortunately, PNTML and PeNTML have significant 
limitations, causing most neurophysiologic experts to advo- 
cate abandonment of these tests. Determination of nerve 
conduction requires knowledge of both the time it takes for 
a stimulus to generate a CMAP and the distance over which 
the stimulus travels. This distance should include only the 
studied nerve and not the neuromuscular junction or mus- 
cle, because passage through these structures would “add” 
time and obscure determination of conduction velocity. In 
measuring PNTML, the distance over which a stimulus is 
applied cannot be measured because of the inaccessible and 
circuitous route of the pudendal nerve. Moreover, the stim- 
ulus travels not only through the pudendal nerve but also 
through the neuromuscular junction and muscle. PNTML 
and PeNTML represent distal latencies; no proximal latency 
can be measured for the pudendal nerve. 

The differences in clinical information provided by 
PNTML and PeNTML and that of a typical nerve condition 
test used in the limbs cannot be underestimated. Any “pro- 
longed” latency cannot be conclusively linked to nerve dam- 
age because conduction could be delayed due to differences 
in distance, neuromuscular junction transmission, muscle 
mass, and so forth. The American Gastroenterological 
Association recognized this problem in their position state- 
ment concluding that PNTML cannot discriminate between 
muscle weakness due to pudendal nerve injury and muscle 
weakness caused by muscle injury (Barnett et al., 1999). 
Furthermore, they condemned PNTML for (1) having poor 
correlation with clinical symptoms and histologic findings, 
(2) having lack of sensitivity and specificity for detecting 
external anal sphincter muscle weakness, (3) being opera- 
tor dependent, and (4) having no clear prognostic value in 
predicting surgical outcome. 


Lower Extremities 


When clinical evaluation suggests the possibility of a 
lesion involving the lumbosacral nerve roots, lumbosa- 
cral plexus, or a generalized peripheral neuropathy, nerve 
conduction studies of the lower extremities should be 


performed. Motor conduction studies of the peroneal 
(L4, L5) and tibial nerves (L5, S1, S2), and sensory con- 
duction studies of the deep and superficial perineal (L4, 
L5) and sural (L5, S1) nerves, can be performed. Detailed 
explanations of the technique and interpretation of these 
tests can be found in standard neurology and electrophys- 
iology texts. 


Sacral Reflexes 


The electrophysiologic testing of sacral reflexes evaluates 
the spinal cord reflex arc of the pudendal nerve and/or 
the pelvic plexus. Like the clinical examination, the two 
reflexes most commonly tested during neurophysiologic 
testing of the pelvic floor are the bulbocavernosus reflex 
and the anal reflex. A normal reflex implies intact efferent 
and afferent innervation and normal integration of the two 
in the sacral spinal cord (S2 to S4 level). The EMG assess- 
ment of the bulbocavernosus reflex has been found to be 
more sensitive than clinical assessment for detection of 
sacral neurologic disease. The bulbocavernosus reflex has 
also been called the clitoral-anal reflex, reflecting the site 
of the stimulating and recording electrodes, respectively. 
This reflex assesses the afferent and efferent branches of 
the pudendal nerve. It has been widely studied, is easy to 
learn and perform, and control data have been published 
by several groups. 

In the lower urinary tract, it is possible to stimulate visceral 
afferent neurons that travel within the pelvic plexus and cause 
a reflex contraction of the anal sphincter via pudendal effer- 
ent fibers. This autonomic/somatic reflex has been called the 
urethroanal reflex and the bladder-anal reflex, depending upon 
the stimulation site. The primary goal of testing these reflexes 
is to evaluate for pelvic plexus pathology. The urethroanal 
and bladder-anal reflexes are not as well tested as the somatic 
pudendal reflexes and have yet to be widely adopted. 

The bulbocavernosus reflex is assessed by applying an 
electrical, mechanical, or magnetic stimulus to the dor- 
sal clitoral nerve and measuring the latency of the reflex 
response with recording electrodes within the anal sphincter 
or bulbocavernosus muscle. The strength of stimulus affects 
the latency (stronger stimulus results in shorter latencies) 
so the stimulus is slowly increased until it is about three 
times the patient’s sensory threshold. In some subjects, a 
paired stimulus 3 to 5 ms apart may be necessary to obtain a 
response. The bulbocavernosus reflex has two components. 
The first component has mean latencies of about 33 ms 
and is thought to be an oligosynaptic response. The second 
component, which is not always demonstrable, has a latency 
of about 70 ms and is thought to represent a polysynap- 
tic suprasacral response. Like PNTML, individual labs are 
expected to define their own normal values, but, typically, 
a latency for the first component of the reflex is considered 
abnormal if it is greater than 45 ms. Stimulation can be per- 
formed on either side of the clitoris, allowing evaluation of 
both the right- and left-sided reflex arcs. The anal reflex is 
performed similarly to the bulbocavernosus reflex, but the 
stimulus is applied perianally. Normal latencies for the anal 
reflex are longer than those of the bulbocavernosus reflex, 
owing to the thinner myelinated nerve fibers in the affer- 
ent limb of the reflex arc. A prolonged or absent latency in 
either the bulbocavernosus or anal reflex implies a lesion 
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somewhere along the reflex arc from the pudendal nerve to 
the conus medullaris. 

Urethral stimulation for the urethroanal reflex is applied 
via an electrode mounted on a Foley catheter. Bladder stim- 
ulation for the bladder-anal reflex is applied by moving the 
ring electrode into an empty bladder. The electrical stimu- 
lus is slowly increased until it is approximately three times 
the patient’s sensory threshold, and latency is measured via 
a recording electrode as described previously. Normal laten- 
cies for these reflexes have been reported between 50 and 
65 ms. A prolonged or absent urethroanal or bladder-anal 
reflex latency with a normal bulbocavernosus reflex implies 
a pelvic plexus lesion or autonomic neuropathy, such as is 
seen in diabetic patients. 

Of all sacral reflexes, only the bulbocavernosus reflex is 
widely used; it is a relatively easy test to learn and to per- 
form and (along with CnEMG) is probably the most use- 
ful and accepted of the neurophysiologic tests of the pelvic 
floor. Like all tests that rely on nerve conduction, the bul- 
bocavernosus reflex is not sensitive to the detection of par- 
tial nerve lesions because the presence of only a few intact 
neurons can yield a normal latency. The urethroanal and 
bladder-anal reflexes can be technically difficult to obtain 
and are not widely accepted. Furthermore, the sensitivity of 
these visceral-somatic reflexes for detecting pelvic plexus 
lesions is unknown. 


Autonomic Testing 


Evaluation of the sympathetic and parasympathetic innerva- 
tion of the pelvic viscera is an important part of the evalua- 
tion of pelvic floor disorders. The integrity of the autonomic 
innervation of the bladder and anorectum is most frequently 
evaluated using urodynamics and anal manometry, respec- 
tively. These physiologic tests can provide information about 
visceral sensory innervation, as well as indirect evidence 
about the integrity and coordination of their sympathetic 
and parasympathetic innervations. A normal urodynamic or 
anal manometry evaluation implies a normally functioning 
autonomic innervation. However, abnormalities can reflect 
neurogenic or nonneurogenic dysfunction. When a pelvic 
plexus injury or a generalized autonomic neuropathy is sus- 
pected, methods to directly evaluate the integrity of the 
autonomic innervation of the pelvic viscera are needed. 
Methods that have been suggested for directly evaluating 
the pelvic autonomic innervation include assessment of the 
urethroanal and bladder-anal reflexes (see previous text), 
the sympathetic skin response (SSR), and the quantitative 
sudomotor axon reflex test (QSART). The SSR and QSART 
evaluate the sympathetic sudomotor (sweat gland) innerva- 
tion. The SSR is elicited by electrical stimulation to mixed 
nerve in the upper or lower extremity or the genitalia. This 
results in a reflex stimulation of sweat production on the 
hands, soles, and genitalia. Sweat production is quantified 
by measuring changes in electrical resistance on the skin. 
The absence of sweat production is considered abnormal. 
QSART assesses the integrity of the axon reflex arc involved 
in sweat production. Postganglionic sympathetic sudomotor 
(sweat) fibers are activated by iontophoresis of acetylcho- 
line into the skin. QSART has greater sensitivity and speci- 
ficity than SSR and, where available, has largely replaced it. 
The application of these autonomic studies in the evaluation 


of patients with pelvic floor disorders is currently unknown. 
Recent studies have demonstrated a relationship between 
sensation of the bowel and bladder and SSR of the palm, 
suggesting that autonomic testing may allow an objective 
confirmation of the subjective evaluation of visceral sensa- 
tion obtained during urodynamics or anal manometry. 

Generalized autonomic neuropathy can be caused by 
diseases, such as diabetes, amyloidosis, Guillain-Barré syn- 
drome, alcoholism, nutritional deficiencies, and certain 
metabolic syndromes. Testing for generalized autonomic 
dysfunction usually involves monitoring heart rate and 
blood pressure changes in response to deep breathing, the 
Valsalva maneuver, and tilt testing. 


Pelvic Floor Disorders 
Childbirth Injury 


Numerous studies demonstrate an association between 
vaginal childbirth and the subsequent development of pel- 
vic floor disorders, including stress urinary incontinence, 
fecal incontinence, and pelvic organ prolapse. A large cohort 
study by Rortveit et al. (2003) found that 50% of severe 
urinary incontinence was attributable to vaginal delivery. In 
addition to mechanical injury to the levator ani muscles, the 
urethral and anal sphincters, and pelvic connective tissue, 
many studies have demonstrated injury to the innervation of 
the pelvic floor after vaginal childbirth. The pudendal nerve, 
being fixed at the level of the pudendal canal, is thought to 
undergo stretch or traction injury with the descent of the 
fetal head. Additionally, distal nerve branches may be com- 
pressed directly. 

Neurophysiologic studies demonstrate prolonged 
PNTML, increased fiber density as measured by SfEMG, 
and CnEMG evidence of pelvic floor denervation after vagi- 
nal delivery. Snooks et al. (1984) found evidence of prolon- 
gation of the PNTML after childbirth in 42% of women. 
Two months after delivery, pudendal nerve function recov- 
ered in 60% of the women. Another study showed that 
12 weeks following a first routine vaginal delivery, EMG 
parameters of the external anal sphincter demonstrated evi- 
dence of denervation/reinnervation for the inferior hemor- 
rhoidal (pudendal) nerve (Gregory et al., 2004). Successive 
vaginal deliveries are associated with increased incidence of 
pudendal nerve injury. 

Interestingly, some evidence suggests that cesarean sec- 
tion performed before the descent of the fetus may be pro- 
tective, but other studies have not found evidence of sparing 
the pelvic floor any injury. Fynes et al. (1999) found pro- 
longation of anal squeeze pressures and prolonged PNTML 
in women who underwent cesarean section after cervical 
dilation of 8 cm or greater. More recently though, South 
et al. (2009) demonstrated that 30% of previously nullipa- 
rous women demonstrated EMG evidence of denervation of 
the levator ani muscles 6 weeks following delivery, including 
those who underwent cesarean delivery. 

If severe enough immediately following delivery, this 
denervation injury can lead to decreased levator ani and 
anal sphincter squeeze strength, and immediate postpar- 
tum symptoms of incontinence. Equally concerning, and 
difficult to demonstrate, is that even following appropri- 
ate and effective recovery and reinnervation, these injuries 
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ultimately diminish the normal reserve of pelvic floor motor 
units. Then, with neuron and muscle fiber loss associated 
with normal aging, the accelerated dropout of functional 
anatomy can lead to the pelvic floor disorders of inconti- 
nence and prolapse. 

Despite the above evidence, the relative contribution 
of pelvic floor denervation versus mechanical injury in the 
development of pelvic floor disorders after childbirth is cur- 
rently unknown. The primary role of neurophysiologic test- 
ing in the setting of childbirth remains mostly a research 
tool. Currently, no clinical application of this technology is 
known in the postpartum woman except for the investiga- 
tion of symptomatic pelvic floor disorders or neurologic 
dysfunction. 


Stress Urinary Incontinence 


Many studies have demonstrated an association between 
stress urinary incontinence and pudendal neuropathy 
with denervation of the urethral sphincter and/or levator 
ani muscles. Investigators have used PNTML, PeNTML, 
SfEMG, and CnEMG to demonstrate this relationship. 
Hale et al. (1999) correlated histologic analysis of urethral 
biopsies with CnEMG of the urethra and found that women 
with stress incontinence had greater histologic and CnEMG 
evidence of sphincter denervation than continent controls. 
Kenton et al. (2001) used preoperative FEMG of the urethral 
sphincter in 74 women who underwent Burch urethropexy 
and found that women who were cured had greater muscle 
recruitment than those who had unsuccessful surgery. Kjol- 
hede and Lindehammar (1997) performed CnEMG on the 
pubococcygeus muscles of women after Burch urethropexy 
and found evidence of denervation significantly more often 
in the pubococcygeus muscles of women who had post- 
operative recurrent stress incontinence. Interestingly, in a 
more recent report, Kenton et al. (2011) demonstrated that 
continent women exhibited qEMG parameters thought to 
be consistent with more extensive reinnervation, in contrast 
to incontinent women who were considered to have suf- 
fered some denervation without effective recovery. Vaginal 
childbirth has often been implicated as the cause of this 
denervation injury, but aging and chronic straining may also 
contribute. The relative contribution of denervation injury 
versus direct mechanical injury in the pathogenesis of stress 
incontinence is unknown. Urethral sphincter myopathy may 
even play a role in the pathogenesis of stress incontinence 
due to intrinsic sphincteric deficiency in some patients. 

Although neurophysiologic testing has contributed to our 
understanding of the pathogenesis of stress urinary inconti- 
nence, as suggested previously in this chapter, its role in the 
diagnosis or management of patients with uncomplicated 
stress incontinence is unknown and thus far limited. 


Voiding Dysfunction 


The most common use of neurophysiologic testing in the 
evaluation of patients with voiding dysfunction is to iden- 
tify detrusor sphincter dyssynergia. As previously described, 
this is the primary role of kinesiologic EMG, which is per- 
formed to assess urethral relaxation/contraction during a 
urodynamic evaluation. Because true detrusor sphincter 
dyssynergia is very uncommon in patients without obvious 


neurologic dysfunction, performing KEMG during urody- 
namics is probably unnecessary if the clinical evaluation does 
not reveal preexisting or suspected neurologic dysfunction. 

Another instance where neurophysiologic testing appears 
to have clinical use is in the evaluation of young women 
with urinary retention. In 1988, Fowler et al. described a 
syndrome of painless urinary retention in premenopausal 
women often associated with polycystic ovary syndrome, 
called Fowler's syndrome. CnEMG of the urethral sphinc- 
ter of these women reveals complex repetitive discharges 
(CRDs) and decelerating bursts. The urethral sphincter is 
often hypertrophied and overactive. The typical patient is in 
her mid-twenties and presents with painless urinary reten- 
tion with bladder capacity of greater than 1 L. Data sug- 
gest that women with this condition respond well to sacral 
neuromodulation (Swinn and Fowler, 1998). The presence 
of CRDs in the urethral sphincter of a woman with urinary 
retention should suggest Fowler’s syndrome, but CRDs of 
the sphincter can be nonspecific and found in women with 
stress incontinence as well as voiding dysfunction. 


Fecal Incontinence 


In the diagnosis and management of pelvic floor disor- 
ders, neurophysiologic testing has perhaps been most often 
applied to the patient with fecal incontinence. Common 
clinical applications for neurophysiologic testing in women 
with fecal incontinence include: (1) sphincter mapping in 
a patient with a disrupted anal sphincter before surgical 
repair, (2) a prognostic tool in patients with a disrupted 
sphincter before surgical repair, and (3) evaluation for 
neurogenic incontinence. As previously mentioned, anal 
sphincter mapping has largely been replaced by endoanal 
ultrasound for the identification and characterization of 
anal sphincter disruption. This is primarily because of 
decreased discomfort and the ability to evaluate the inter- 
nal as well as external anal sphincter with ultrasound. 
Several studies have found that women with fecal inconti- 
nence and a disrupted anal sphincter who have prolonged 
PNTML have a higher failure rate after surgical repair than 
women with normal latencies. This has led many authors 
to advocate routine preoperative PNTML testing before 
anal sphincteroplasty; however, several studies have failed 
to confirm this relationship (Table 14.1). These mixed 
results, and the limitations of PNTML outlined previously, 
have led the American Society of Gastroenterology to dis- 
courage the routine use of this test. 

Diagnosing neurogenic causes of fecal incontinence 
remains an important role for neurophysiologic testing. 
CnEMG and sacral reflex testing are valuable tools for this 
endeavor. Additionally, recent studies suggest that CnEMG 
may have a role in predicting which patients with fecal 
incontinence will respond to sacral nerve modulation; how- 
ever, the role of these tests as prognostic tools before sur- 
gery is currently unknown. 


Neuromodulation and Electrodiagnostic 
Techniques 


Electrodiagnostic techniques have been evaluated but not 
yet widely used in attempts to improve outcomes for sacral 
neuromodulation treatment for urge urinary incontinence, 
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Table 14.1 Prolonged PNTML and Outcomes from Anal Sphincter Surgery for Fecal Incontinence 


Definition 
Author, Year Procedure Prolonged (ms) 
Laurberg et al., 1988 Overlapping >2.4 19 
Wexner et al., 1991 Overlapping >2.1 16 
Engle et al., 1994 Ant. Plication Ns 539 
Londono-Schimmer Overlapping Ns 94 
et al., 1994 
Simmang et al., 1994 Overlapping >2.3 10 
Felt-Bersma et al., 1996 Ns 18 
Nikiteas et al., 1996 Overlapping >2.5 42 
Oliveira et al., 1996 Ant. Plication >2.2 48 
Sitzler and Thomson, Ns 31 
1996 
Sangwan et al., 1996 Overlapping >2.4 15 
Chen et al., 1998 Ant. Plication >2.2 12 
Gilliland et al., 1998 Overlapping >2.2 77 
Buie et al., 2001 Overlapping  >2.2 89 


Ns, not specified; Ant., anterior. 
*Subgroup of 26 women with postobstetric injury. 
Proportion of subjects with either “excellent” or “good” outcomes. 


urinary retention, and fecal incontinence. Sacral neuromod- 
ulation is more fully covered in another chapter. Briefly, 
though, the treatment entails the insertion of a quadripo- 
lar electrode in the vicinity of a (occasionally bilateral) 
sacral nerve ventral to the sacrum. Typically the implant- 
ing surgeon looks for predictable clinical motor and sensory 
responses. Adaptations of the above-described tests have 
been experimentally used to improve the precision with 
which these electrodes are placed, with the hope that this 
translates into better outcomes. 

Utilizing recording electrodes at the urethral and anal 
sphincter, Benson was able to improve the rate of implan- 
tation to 80% by analyzing the CMAP amplitude and 
latency generated by the repeated external pulse generator 
stimuli during the first stage lead placement. In addition, 
he showed that patients with elevated (abnormal) sensory 
thresholds to bladder and clitoral stimulations, but normal 
latencies, were more likely to be responders (i.e., those 
who proceeded to final implantation). Finally, McLennan 
utilized CMAP amplitude and latency to help identify 
appropriate electrode combinations when reprogramming 
was required for diminished efficacy of the implanted 
system. 


Neurologic Conditions 
Brain Lesions 


Many conditions that affect the cerebrum can result in 
alterations in bowel and bladder function, including cere- 
brovascular accidents, dementia, tumors, hydrocephalus, 
multiple sclerosis, and lesions involving the anterior-medial 
frontal lobe. Alterations in continence can result from 
detrusor and rectal hyperreflexia, detrusor sphincter dys- 
synergia, and uninhibited sphincter relaxation. Additionally, 
conditions such as dementia and frontal lobe lesions can 
lead to socially inappropriate urination and defecation even 
with a normally functioning lower urinary and gastrointesti- 
nal tract. Urodynamics and anal manometry in conjunction 
with kinesiologic EMG can be helpful in characterizing the 


Success Rate (%) 


N Follow-up (months) Normal PNTML Prolonged PNTML P-value 


9-36 80 ile 0.05 
3-16 92 50 Ns 
50 - - Ns 
12-98 55 30 <0.001 
6 100 67 Ns 
3-39 - - Ns 
12-36 MIE 60* Ns 
3-61 73 38 Ns 
1-36 67 63 Ns 
4-32 100 14 <0.005 
20-73 100 64 Ns 
2-96 63 16 <0.01 
6-120 617 567 Ns 


disturbances in these patients. CnEMG, nerve conduction 
studies, and sacral reflexes are typically normal. 


Parkinson's Disease/Multiple System 
Atrophy 


Parkinson’s disease and multiple system atrophy (MSA; 
formerly Shy-Drager syndrome) are distinct neurologic 
diseases with different pathology; however, in their early 
stages they can often be difficult to differentiate. Bowel 
and bladder dysfunction are common in both conditions, 
with as many as 50%-80% of patients with either disease 
reporting bowel and/or bladder complaints. Urodynamic 
evaluation can reveal detrusor hyperreflexia, detrusor 
sphincter dyssynergia, or detrusor areflexia. Constipation is 
common in both conditions and is the result of decreased 
colonic motility, decreased rectal sensation, and paradoxi- 
cal puborectalis contraction during defecation. One feature 
that distinguishes the two is the neuronal degeneration of 
Onuf’s nucleus in MSA. This results in EMG abnormalities 
of the urethral and anal sphincter, including abnormal spon- 
taneous activity and neuropathic MUAPs that are typically 
not present in patients with Parkinson’s disease. This has 
led Vodusek (2001) and others to recommend CnEMG of 
the anal sphincter as the test to distinguish the two diseases, 
particularly in the first 5 years after onset of symptoms. 


Spinal Cord Lesions 


Bowel and bladder dysfunction is common in patients with 
spinal cord lesions and represents a major source of distress 
for the patients. The timing and location of the lesion or 
injury are the major determinants in the nature of the dys- 
function. Immediately after an acute injury, the spinal shock 
phase occurs, resulting in bladder and bowel areflexia. Within 
several weeks, the recovery phase begins, and, if the injury is 
above the sacral cord, bladder activity often returns, albeit 
uninhibited. In a study that included 284 patients with spi- 
nal cord injury, Kaplan et al. (1991) found that in patients 
with cervical spine injuries, 15% had detrusor areflexia, 55% 
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had detrusor sphincter dyssynergia, and 30% had detrusor 
hyperreflexia with a coordinated sphincter. In patients with 
a thoracic spine injury, 90% had detrusor sphincter dyssyn- 
ergia. Lumbar spinal injuries resulted in detrusor hyperre- 
flexia 30% of the time, detrusor sphincter dyssynergia in 
30%, and areflexia in 40%. The relationship between the 
nature of bowel dysfunction and the location of spinal cord 
injury is less clear than with the bladder. Typically, patients 
have slow colon transit, increased rectal compliance, and 
decreased pelvic floor and anal sphincter function. The leva- 
tor ani and anal sphincter may also demonstrate uncoordi- 
nated defecation, similar to detrusor sphincter dyssynergia. 
In a study of 115 patients after spinal cord injury, Glick- 
man and Kamm (1996) found that constipation occurred 
in 17%, weekly fecal incontinence in 11%, and occasional 
fecal incontinence in 50%. Almost all of the patients in this 
study had to use at least one therapeutic method to induce 
defecation. 

Patients with spinal cord disease will demonstrate lower 
extremity hyperreflexia, sensory loss, and weakness consis- 
tent with the size and location of their injury. Urodynam- 
ics and anal manometry with kinesiologic EMG are useful 
for characterizing the nature of their bladder and/or bowel 
complaints. As injury to the spinal cord affects upper motor 
neurons rather than lower motor neurons, neurophysiologic 
studies, such as CnEMG, nerve conduction studies, and 
sacral reflexes, are usually normal unless the lower sacral 
cord (conus medullaris) is involved. 


Conus Medullaris and Cauda Equina Lesions 


The terminal portion of the spinal cord, known as the conus 
medullaris, contains most of the nerve cell bodies that sup- 
ply the pelvic floor and ends approximately at the level of 
the disk between the first and second lumbar vertebrae. 
Nerve roots from the lower spinal cord travel from the 
conus medullaris at the L1-L2 level to their correspond- 
ing vertebral foramina in the lower lumbar vertebrae and 
sacrum (Fig. 14.8). This portion of the cord is called the 
cauda equina (“horse’s tail”) and is particularly suscep- 
tible to damage from lumbosacral disk disease and other 
traumatic injury. Patients with lesions involving the conus 
medullaris or cauda equina classically present with so-called 
“saddle” anesthesia, lower extremity weakness, and bowel 
and bladder dysfunction. Lesions to the conus medullaris 
can result from L1-L2 disk disease, spinal stenosis, tumor 
compression, trauma, infarction, and multiple sclerosis. A 
common cause of cauda equina injury is central disk hernia- 
tion of the lumbar spine, usually at the L4-L5 level. Central 
herniations, which represent less than 3% of herniations, 
preferentially compress the sacral nerve roots. Acute disk 
herniations are often dramatic and should be considered 
emergencies. Conditions such as spinal stenosis, ankylosing 
spondylitis, tumor compression, and chronic central disk 
herniation may present less dramatically and be a greater 
diagnostic challenge. 

Because the conus medullaris represents the distal por- 
tion of the spinal cord and contains the anterior horn cells 
that supply the pelvic floor muscles and sphincters, lesions 
to this area result in a combination of upper and lower motor 
neuron symptoms. Typically, motor and sensory symptoms 
will be bilateral and symmetric. Sensory loss tends to be 
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FIGURE 14.8 The sacral spinal cord, including the conus medullaris 
and cauda equina. (Reprinted with the permission of the Cleveland 
Clinic Foundation.) 


localized to the perianal region. In contrast, lesions of the 
cauda equina demonstrate only lower motor neuron symp- 
toms that are often asymmetric and unilateral. Sensory loss 
is usually more variable and can be found from the soles 
of the feet to the perineum/perianal region. Radicular pain 
to the back, buttock, perineum, and lower extremity can 
be found with both lesions, but tends to be more severe 
in cauda equina lesions. In both, weakness is often noted 
in the gastrocnemius, hamstring, and gluteal muscles (S1, 
S2 innervated muscles), as well as in the anal sphincter and 
levator ani muscles. A loss of anal sphincter resting tone and 
squeeze strength is present. Motor loss is symmetric in a 
conus lesion and often asymmetric in cauda equina lesions. 
Because of the upper motor neuron involvement in a conus 
medullaris lesion, the ankle reflex is increased and Babin- 
ski’s sign is positive, and the knee jerk is typically normal. 
In contrast, in cauda equina lesions, the knee and ankle 
reflexes are normal and Babinski’s sign is negative. The bul- 
bocavernosus and anal wink reflexes are typically absent in 
both conditions. 

Urodynamics often reveal absent bladder sensation and 
a hypoactive detrusor with elevated postvoid residuals. As 
a result, the patient often has overflow incontinence that 
is worsened by a concurrent loss of urethral tone. Anal 
manometry also reveals absent sensation and lack of anorec- 
tal tone. In conus medullaris lesions, findings of denervation 
in the pelvic floor muscles and sphincters are expected but 
are often not seen in the lower extremities because weak- 
ness in these muscles is typically due to upper motor neu- 
ron injury. In cauda equina lesions, CnEMG often reveals 
denervation of muscles of the lower limbs and pelvic floor 
in an asymmetric pattern. Lower extremity motor nerve 
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conduction studies demonstrate normal or prolonged con- 
duction velocity with decreased amplitude, and PNTML 
and PeNTML are prolonged. These changes are bilaterally 
symmetric with conus lesions and have variable bilaterality 
with cauda equina lesions. Sensory nerve conduction studies 
of the lower extremity are normal for both conus medullaris 
and cauda equina lesions, as the dorsal root ganglion and dis- 
tal sensory axon are spared in either case. MRI of the spine 
is the radiographic test of choice with these presentations. 


Lumbosacral Plexus Lesions 


Lesions of the lumbosacral plexus can result from pelvic 
trauma, radiation, diabetes, malignant neoplasms (colorec- 
tal, breast, sarcomas, multiple myelomas), radical pelvic 
surgery, and, rarely, obstetric injury. Depending upon the 
nature and location of the lesion, symptoms may be unilat- 
eral or bilateral and can include lower extremity weakness 
and sensory loss, and pain in the lower back, hip, buttock, 
and leg. Bowel and bladder dysfunction is common, par- 
ticularly if the pelvic plexus is involved. When lower sacral 
nerve roots are involved, perineal anesthesia and loss of leva- 
tor ani and sphincter tone and squeeze strength are noted. 
Knee jerk and ankle reflexes may be normal or decreased, 
and Babinski’s sign should be negative. Urodynamics and 
anal manometry will often reveal an areflexic bladder and 
anorectum. Neurophysiologic testing is useful to confirm a 
lumbosacral plexopathy and to distinguish it from a cauda 
equina lesion or generalized peripheral neuropathy. CnEMG 
will typically reveal denervation in the pelvic floor and lower 
extremity musculature in a distribution consistent with the 
nature of the lesion. Unlike cauda equina lesions, the L3-S1 
paraspinal muscles should not be involved because these are 
innervated by the dorsal rami of the lumbosacral nerve roots 
and separate from the plexus. Lower extremity motor and 
sensory conduction studies will be abnormal in a distribu- 
tion consistent with the lesion, and PNTML and PeNTML 
may be prolonged. Sacral reflexes will be unilaterally or 
bilaterally abnormal. 


Peripheral Neuropathy 


Isolated injury to the distal pudendal nerve is the most 
common peripheral neuropathy seen in women with pel- 
vic floor disorders. As described previously, distal pudendal 
neuropathy is commonly related to childbirth and has been 
implicated in the development of stress urinary inconti- 
nence, fecal incontinence, and pelvic organ prolapse. In an 
isolated pudendal nerve injury, CnEMG of the urethral and 
anal sphincters and/or bulbocavernosus muscle will reveal 
denervation, but the levator ani muscles and lower extremi- 
ties will not. PNTML and PeNTML may be prolonged, and 
sacral reflexes are often prolonged or absent. In rare cases, 
perineal sensation will be altered. Injury to the levator ani 
nerve is also common after vaginal delivery, and denervation 
of the levator ani muscles can often be found in conjunction 
with distal pudendal neuropathy. 

Generalized peripheral neuropathies, including dia- 
betic neuropathy, amyloidosis, Guillain-Barré syndrome, 
and some hereditary neuropathies can also cause bowel 
and bladder dysfunction. These disorders often affect the 
autonomic as well as the somatic nerves. Typically, clinical 


examination will reveal weakness and alterations in sensa- 
tion of the lower extremities. If large fiber somatic nerves 
are involved, nerve conduction studies and CnEMG of the 
lower limbs will demonstrate the generalized and, typically, 
symmetric nature of these conditions. 


Pelvic Plexus Injury 


Disruption of the autonomic pelvic plexus can occur with 
traumatic pelvic fractures, radical pelvic surgery, and, rarely, 
obstetric injury. Surgical procedures in women commonly 
implicated in pelvic plexus injury include abdominal peri- 
neal resection of the rectum for rectal carcinoma and radi- 
cal hysterectomy for cervical carcinoma. Most commonly, 
the parasympathetic innervation is disrupted, resulting in 
urinary retention with elevated postvoid residuals. Occa- 
sionally, sympathetic injury will result in loss of tone of 
the internal urethral sphincter and stress incontinence. 
Bladder and rectal sensation may also be decreased. Typi- 
cally, bladder dysfunction is transitory with normal voiding 
resuming within 6 months, although in some patients the 
dysfunction will be permanent. As mentioned previously, 
some generalized polyneuropathies, such as diabetic neu- 
ropathy, can cause autonomic dysfunction of the bowel and 
bladder. 

On clinical examination, this type of injury is character- 
ized by normal perineal sensation, normal levator ani and 
anal sphincter squeeze strength, and normal bulbocaverno- 
sus and anal wink reflexes. Anal sphincter resting tone may 
be decreased. Urodynamics and anal manometry will often 
demonstrate areflexia with or without sphincter incompe- 
tence. Autonomic testing, such as urethroanal and bladder- 
anal reflexes and QSART, are typically abnormal. CnEMG 
of the pelvic floor muscles and sphincters, PNTML and 
PeNTML, and sacral reflexes will be normal if the injury is 
isolated to the pelvic plexus. In diseases like diabetes, which 
can affect both autonomic and somatic nerves, neurophysi- 
ologic testing of the pelvic floor and lower limbs will reflect 
the degree of somatic involvement. 
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The female continence mechanism and factors contrib- 
uting to its failure remain incompletely understood. Past 
theories of the mechanisms of stress urinary incontinence 
tended to focus on single factors to explain bladder neck 
and urethral incompetence. Advances in our knowledge 
have propelled our understanding beyond single-factor 
concepts. Female urinary continence is the result of inte- 
grated and overlapping compensatory function between 
pelvic floor muscles, fascia, and nerves. Failure of one, if 
severe enough, or more of these factors can contribute to 
the presence and severity of stress incontinence in women. 

This chapter reviews the anatomic and physiologic 
mechanisms of urinary continence and the pathophysiol- 
ogy of stress incontinence in women. The historical theories 
explaining female urinary incontinence will be reviewed. 
Finally, unifying concepts regarding issues of urethral sup- 
port defects and pelvic floor denervation are summarized to 
develop the current model of the mechanisms of urethral 
sphincteric incompetence. 


Elements of Urinary Continence 


The two functions of the lower urinary tract are the storage 
of urine in the bladder and the timely expulsion of urine 
from the urethra. The mechanisms that control urinary 
continence and voiding are complex. Normal function of 
the central and peripheral nervous systems, bladder wall, 
detrusor muscle, urethra, and pelvic floor musculature is 
required. Dysfunction can occur at any of these levels, 
resulting in various types of lower urinary tract dysfunc- 
tion. Simplistically, for a woman to remain continent, intra- 
urethral pressure must be greater than intravesical pressure 
under both resting and stress conditions. At rest, ure- 
thral resistance is generated by the interaction of urethral 
smooth muscle, urethral wall elasticity and vascularity, and 
periurethral striated muscle. Each of these components 
contributes about one-third to the overall intraurethral 
pressure. The smooth muscle and vascular elastic tissue 
provide a constant amount of tension along the urethra; the 
periurethral striated urogenital sphincter muscles function 
prominently in the distal one-half of the urethra. Multiple 
clinical factors, such as age and obstetric history, can affect 
the function of these urethral components. 
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Muscular and Supportive Tissue Elements 


Connective Tissue 


Several studies have demonstrated a role for connective 
tissue quality and pelvic floor dysfunction. Skorupski et al. 
(2006) identified that a mutated type I collagen gene is 
found in higher frequency among women with stress uri- 
nary incontinence. Such a connective tissue promoter of 
urinary incontinence is supported by finding that nullipa- 
rous women with stress urinary incontinence have signifi- 
cantly less collagen in their tissues relative to continent 
controls (Keane et al., 1997). These authors further docu- 
mented a decreased ratio of type I to type III collagen. 
This sort of evidence shows that apart from the muscles, 
connective tissues, and nerves, there are even more com- 
positional differences between continent and incontinent 
women. 
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Bladder 


During physiologic bladder filling, little or no increase in 
intravesical pressure is observed, despite large increases in 
urine volume. This process, called accommodation, is caused 
primarily by passive elastic and viscoelastic properties of the 
smooth muscle and connective tissue of the bladder wall. As 
filling increases to a critical intravesical pressure, detrusor mus- 
cle contractility probably is inhibited by activation of a spinal 
sympathetic reflex that results in inhibition of parasympathetic 
ganglionic transmission and stimulation of beta-adrenergic 
receptors in the bladder body. The net effect of these actions is 
filling and storage of urine within the bladder cavity, with little 
increase in intravesical pressure relative to volume. Abnor- 
malities in the bladder wall, the detrusor muscle, or bladder 
innervation can result in incontinence (primarily detrusor over- 
activity, both idiopathic or neurogenic) or voiding dysfunction. 


Urethra 
Urethral Support 


Anterior vaginal wall support directly affects urethral sup- 
port as, except for lateral attachments of the urethra to the 
levator ani (pubourethral ligaments), the urethra rests on the 
anterior vaginal wall. The anterior vaginal wall is attached to 
the arcus tendineous fasciae pelvis (ATFP) that is a conden- 
sation of levator ani fascia arising from the surface of the 
levator ani muscles. The arcus tendineous levator ani is the 
point of attachment between the levator ani and the obtura- 
tor internus muscles and lies just cranial to the ATFP. 

The levator ani provides critical support to the pelvic 
organs, including the urethra. The urethra, vagina, and anus 
pass through the levator ani via the urogenital hiatus. This 
passage normally is closed via tonic contraction of the leva- 
tor ani muscles. At baseline, the levator ani are contracted 
much like postural muscles of the spine. The effect of this 
contraction is to compress the midurethra, distal vagina, and 
rectum against the pubic bone distally and against abdomi- 
nal hydrostatic pressure more proximally. The intention of 
pelvic floor exercises is to optimize this compressive effect 
on continence. The levator ani as a factor in urethral support 
is distinct from fascial-based urethral support mediated by 
the vaginal hammock. These relationships between the ure- 
thra, vagina, and levator ani is a reoccurring theme in under- 
standing the mechanisms of female urinary continence. 

Work by Jeffcoate and Roberts (1952), Hodgkinson 
(1953), and others, emphasized the need for intact sup- 
port of the bladder neck and proximal urethra in a retropu- 
bic position for maintenance of urinary continence under 
stress. Urethral support by the anterior vaginal wall can be 
altered by defects in vaginal attachments to the levator ani 
at the ATFP, although, as noted earlier, the levator ani also 
contribute to urethral position. A stable suburethral layer 
of anterior vaginal wall along with tonic contraction of the 
levator ani prevents urethral and bladder neck descent and 
facilitates urethral compression with straining. The work by 
Enhorning (1961) to document “transmission” of abdominal 
pressure to the urethra during periods of strain emphasized 
the importance of a retropubic urethra. The success of ret- 
ropubic operations (i.e. Marshall—-Marchetti-Krantz urethro- 
pexy) to correct urinary incontinence appeared to render 
additional support to the need for a retropubic urethra. 


This concept is challenged, however, by the success of 
midurethral sling procedures that do not purpose a retro- 
pubic urethra. Sling surgery seems to emphasize the impor- 
tance of a stable suburethral layer for effective urethral 
closure. To the contrary, a panel of experts viewing ultra- 
sound videos of subjects’ urethral mobility during cough 
failed to find any predictive agreement as to which women 
had urinary incontinence. This and other studies mentioned 
later in this chapter challenge the importance of urethral 
support in female continence. 

Additional, but less appreciated, elements of urethral 
support include the pubourethral ligaments that are lat- 
eral fascial and muscular attachments of the urethra to the 
levator ani. These structures, which are supportive of the 
female urethra and may contribute to urinary continence, 
are to be distinguished from the pubovesical muscles that 
probably play a role in voiding by opening the bladder neck. 
Pubovesical muscles can be seen during a retropubic dissec- 
tion arching from the ATFP to insert on the urethra; they 
easily are confused with the pubourethral ligaments that lie 


beneath (Fig. 15.1). 


Urethral Topography and Coaptation 


The female urethra is about 3.5 to 4.5 cm long with at least 
two-thirds of it above the levator ani. Urethral topography 
can be represented as a percent of urethral length where the 
O begins at the internal urethral meatus and 100% represents 
the external urethral meatus. From 0% to 20% the urethra 
passes through the bladder detrusor with the next 40% 
composing the midurethra. Between 60% and 80% the ure- 
thra is passing through the urogenital diaphragm, with the 
last 20% composing the distal urethra. Not all the muscular 


FIGURE 15.1 Retropubic space with the proximal urethra and 
vagina transected at a level just below the bladder, revealing the 
attachment of the vagina to the levator ani muscles. PVP, periure- 
thral vascular plexus; R, rectum; VLA, vaginolevator attachment; 
VW, vaginal wall; PS, pubic symphysis; AFTP, arcus tendineus fasciae 
pelvis; ATLA, arcus tendineus levator ani; LA, levator ani muscles; 
OIF, obturator internus fascia; PVM, pubovesical muscle; U, urethra. 
(From DeLancey JOL, Starr RA. Histology of the connection between the 
vagina and levator ani muscles: implications for urinary tract function. 
J Reprod Med. 1990; 35:765, with permission.) 


structures of the urethra are striated muscle. Smooth mus- 
cles at the intramural portion of the urethra render some 
aid in continence, as they do at the urogenital diaphragm. 
Smooth muscle invests the length of the urethra and sur- 
rounds a vascular plexus that is important in urethral lumen 
coaptation. The longitudinal and circular smooth muscles 
span the length of the urethra, and although the circular 
smooth muscles logically would be involved in continence, 
the role of the longitudinal muscles remains unclear. 

The urethra is normally a pliable structure whose lumen 
must be sealed completely or coapted to maintain conti- 
nence. The urethral wall must be sufficiently soft so that 
external forces can act on it to effect closure. Several stud- 
ies by Zinner et al. (1980, 1983) using mechanical models 
showed higher resistance to water flow when a softer lumen 
and lubricating filler were used within the outflow tube. 
This finding makes clinical sense because a rigid urethra, as 
results from multiple surgeries or radiation, has poor closure 
properties. Because clinical scientific studies rarely address 
this issue, however, the actual importance of urethral soft- 
ness and mucosal seal as they pertain to continence remains 
uncertain. The effect of surgery or radiation on urethral 
coaptation may arise from effects on the vascular plexus or 
on changes in urethral and paraurethral muscles and nerves. 


Urethral Sphincter 


A simplistic understanding of urethral anatomy would expect 
that the urethral sphincter is analogous to the external anal 
sphincter, that is, a circular muscle encompassing the urethral 
lumen. This expectation is met in only one of the three iden- 
tified muscles of the female urethral sphincter, the rhabdo- 
sphincter. The other somatic muscles of the female urethral 
sphincter are the compressor urethrae and urethrovaginal 
sphincter muscles that arch over the urethral lumen exerting 
downward compression with contraction against a stable sub- 
urethral base (anterior vaginal wall) (see Fig. 2.7). Branches 
of the pudendal nerve (S2-S4) innervate all three muscles. 


Levator Ani 


Recognition that the levator ani muscles can be made stron- 
ger with pelvic floor exercises and thereby improve female 
urinary continence has been known since before the 1950s. 
The levator ani muscles include the iliococcygeus, pubo- 
visceral, and puborectalis muscles. The pubovisceral (also 
referred to as the pubococcygeus) muscle is composed of 
three subdivisions: the puboperineus (inserting into the 
perineal body), the pubovaginalis (inserting onto the vaginal 
wall), and the puboanalis (inserting into the intersphincteric 
groove of the anal canal). As noted, with contraction, the 
pubovisceral and puborectalis muscles close the urogenital 
hiatus and compress the urethra along with the rectum and 
vagina (Fig. 15.2). This action renders a firm backboard 
for the urethra, particularly in light of the fascial attach- 
ments between the urethra (pubourethral ligament), vagina 
(ATFP), and the levator ani. As discussed in Chapters 2 and 4, 
innervation of the levator ani does not come from the 
pudendal nerve. The nerve to the levator ani arises sepa- 
rately from S2-S4 and travels along the medial aspect of the 
levator muscles. It is therefore possible for a woman to have 
functional levator ani and a dysfunctional urethral sphincter. 

The levator ani and periurethral striated muscles (rhab- 
dosphincter, compressor urethral, urethrovaginal sphincter) 
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have a dual role in maintaining urinary continence: They pro- 
vide resting urethral tone and assist in support (slow-twitch 
fibers), and they contract rapidly with increased intra- 
abdominal pressure (fast-twitch fibers). The integration of 
these two somatic muscle groups is vital to normal urinary 
control. During rapid increases in intra-abdominal pressure 
and with interruption of urination, there is voluntary and 
reflex periurethral striated muscle contraction, predomi- 
nantly in the mid- and distal urethra, augmenting urethral 
pressure. Remarkably, Constantinou and Govan (1982) 
demonstrated that urethral pressure spikes precede, and are 
often greater than, intravesical pressure spikes during cough- 
ing in continent women. Using cinefluorography, Lund et al. 
(1959) observed two actions when a woman is asked to inter- 
rupt her urine stream. The first is a prompt constriction of 
the voluntary musculature that immediately interrupts the 
urine stream in the midurethra, presumably due to periure- 
thral striated muscle contraction against a stable suburethral 
base and levator plate. The urine distal to the constriction is 
voided, but the contents of the proximal urethra are forced 
back into the bladder. Simultaneously, the base of the blad- 
der is seen to rise and is drawn cephalad presumably because 
of levator contraction acting on levator attachments to the 
suburethral base and bladder (i.e. anterior vaginal wall). Both 
of these actions are characteristic of voluntary fast-twitch 
muscle contraction; in fact, the diameter of fast-twitch 
muscle in the levator ani has been correlated with urethral 
pressures during periods of stress. Emphasizing the role of 
levator support, Heidler et al. (1987) noted that pressure 
increases in the distal urethra with sneezing in dogs decrease 
after transecting the pelvic muscles from the urethra. Taken 
together, normal urinary continence in women relies on mul- 
tiple redundant interconnected mechanisms. 


Neurophysiologic Considerations 


Chapter 4 describes the neurophysiology of the lower uri- 
nary tract in detail. It is important to re-examine those 
concepts now to connect the aforementioned anatomic 
considerations with their neurologic connections. The 


FIGURE 15.2 Levator ani muscles in a contracted state, narrowing 
the pelvic opening, and supporting the pelvic organs. (Reprinted with 
the permission of Cleveland Clinic.) 
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disconnect between anatomy and function that can appear 
in cases of complex urinary incontinence perhaps stems 
from inadequate understanding of the neurologic basis of 
female continence. The fact that medications (e.g. dulox- 
etine) can improve stress-related urinary incontinence testi- 
fies to the role of nonanatomic elements in female urinary 
continence. Indeed, a study by Kenton et al. (2011) sug- 
gests that stress urinary incontinence may be a neuromus- 
cular defect. Therefore, despite a relatively more precise 
understanding of anatomic contributions to female conti- 
nence, there likely remains inadequately described neuro- 
physiologic contributors. 


Efferent and Afferent Pathways 


Bladder smooth muscle is innervated primarily by para- 
sympathetic nerves, while smooth muscle of the urethra 
and bladder neck are innervated by sympathetic nerves. 
Branches of the pudendal nerve innervate the skeletal mus- 
cles of the external urethral sphincter. These are the basic 
components of the efferent nerve pathways from the spinal 
cord to the lower urinary tract. 

The parasympathetic nerves innervating the detrusor 
exit the spinal cord between S2 and S4. As with all para- 
sympathetic nerves, the preganglionic neurotransmitter is 
acetylcholine (ACh) yet the postganglionic neurotransmit- 
ter varies with the target. Postganglionic parasympathetic 
neurotransmission to the urethral smooth muscle is via 
nitric oxide, while both ACh and adenosine triphosphate 
(ATP) serve this role to detrusor smooth muscle. The con- 
tribution of purinergic stimulation of the detrusor is likely 
minor under normal settings, although upregulation under 
certain conditions may contribute to development of an 
overactive bladder (O’Reilly et al., 2002). The role of nitric 
oxide in urethral smooth muscle contraction is inhibitory. 
Parasympathetic efferent stimulation of detrusor smooth 
muscle cells is mediated by muscarinic receptors of which 
there are two, M, and M3. Although the M; receptor is the 
most abundant, the M3 receptor appears to preferentially 
drive detrusor contraction. These subtype variations are 
significant when considering the effects of anticholinergic 
medications on detrusor function. 

The sympathetic nervous system acts to relax the blad- 
der and contract the urethra. While sharing ACh as the 
preganglionic neurotransmitter with the parasympathetic 
system, postganglionic neurotransmission is via norepineph- 
rine. Spinal cord input into the sympathetic control of the 
bladder arises from T10 to L2 with postganglionic delivery 
to the target organs via the hypogastric nerve. This nerve 
can be purposefully or inadvertently surgically transected 
(e.g. presacral neurectomy) with resultant overexpression 
of parasympathetic drive to the lower urinary tract. 

Somatic nerve input to the lower urinary tract is primar- 
ily via the pudendal nerve that gets its spinal cord input 
from S2-S4. Motor neurons in spinal cord segments S2-S4 
are located in Onuf’s nucleus. The neurotransmitter ACh 
acts on nicotinic receptors in the striated muscle of the 
external urethral sphincter. 

Understanding of higher order control of urethral and 
bladder function has been enhanced greatly in recent years. 
The supraspinal elements of efferent control of the bladder 
are referred to as the pontine micturition and storage cen- 
ters. These sites serve as the final integrative centers taking 


input from afferent spinal cord nerves and other regions of 
the brain ultimately acting to turn on or off the lower urinary 
tract. Central nervous system (CNS) excitatory neurotrans- 
mission is primarily via glutamic acid. The external urethral 
sphincter is activated via CNS glutamatergic transmission; 
suppression of this leads to urethral sphincter relaxation and 
voiding. Other supraspinal neurotransmitters that have gar- 
nered attention are serotonin and norepinephrine. As noted 
by Thor et al. (1990), both serotonin and norephinephrine 
stimulate the urethral sphincter, potentiating the effect of 
glutamate-induced activation. Serotonine and norepineph- 
rine reuptake inhibitors apparently are effective because of 
this enhancement in glutamate activation of the external 
urethral sphincter at Onuf’s nucleus. The prominence of 
serotonin and norepinephrine in the development of clinical 
depression renders some possible insight into the recognized 
association of depression and urinary incontinence. 

The parasympathetic, sympathetic, and somatic efferent 
pathways also relay afferent sensory input from the lower 
urinary tract to the spinal cord and CNS. Parasympathetic 
sensory receptors (Að and C fibers) transmit information 
on both bladder volume during storage and contraction 
amplitude during voiding. These roles suggest that para- 
sympathetic nerves both initiate voiding and sustain bladder 
contraction during voiding. 


Coordinating Reflexes 


The common view that urinary incontinence neatly divides 
into anatomic-based causes and detrusor overactivity fades 
with a more complete understanding of the coordination 
between the anatomy and underlying neurologic circuitry. 
Indeed Mattiasson and Teleman (2006) proposed a singu- 
lar abnormality in urethral motor function as the cause of 
stress and urge urinary incontinence. An overactive urethral 
opening mechanism wherein urethral pressure falls instead 
of increasing during periods of filling phase provocation was 
in their view the root cause of female urinary incontinence. 
This view emphasizes the coordination that exists between 
the bladder and urethra, which remains incompletely 
understood. It is appreciated that pathways between the 
CNS and the lower urinary tract interact such that as one is 
activated, another may be inhibited. Parasympathetic acti- 
vation with detrusor contraction and consequent urethral 
relaxation leads to reflex inactivation of sympathetic and 
somatic contraction of the urethral sphincter. The guard- 
ing reflex is a good example of coordination of the various 
nervous system inputs to the lower urinary tract. As the 
bladder fills, stretch receptors relay afferent input to the 
spinal cord, where pudendal somatic efferent activation is 
stimulated. As the afferent stimulation increases with rising 
bladder volumes, the efferent stimulation to the external 
urethral sphincter likewise is increased to maintain conti- 
nence. Meanwhile, detrusor contractile parasympathetic 
impulses are inactive with activation of sympathetic-driven 
detrusor relaxation and urethral smooth muscle contrac- 
tion. Other sacral reflexes include a rise in urethral pressure 
preceding any rise in abdominal pressure, wherein that rise 
includes a proportional increase in pelvic floor activation. 
Taken together, there is abundant and growing evidence 
to argue that neuromuscular dysfunction, and not strictly 
altered anatomy, has a role in the development of female 
urinary incontinence. 


This sort of complex integration of nervous system input 
to the lower urinary tract is inadequately measured by uro- 
dynamic studies. To what extent the autonomic nervous sys- 
tem is influencing detrusor and urethral sphincteric function 
cannot be measured. Because urethral resistance reflects not 
only any anatomic factors but also somatic and autonomic 
nervous system factors, the relative contribution of each is 
unknown. To assume that one factor is more important than 
another in causing urinary incontinence undoubtedly leads 
to the many treatments and to the variable treatment out- 
comes seen in clinical management. 


Mechanisms of Female Urinary 
Continence and Incontinence 


Historical Insights 


Historically, theories on the mechanisms of female urinary 
incontinence fell into two categories: dysfunctional ure- 
thral support or dysfunctional urethral sphincteric function. 
These two mechanisms still vie for the dominant cause of 
leakage in any given incontinent woman. Historical theories 
often arose from how a particular therapy was perceived 
to remedy an incontinence problem. Although the prob- 
lem of urinary incontinence had been recognized for years 
it was not until Victor Bonney introduced his paper, “On 
Diurnal Incontinence of Urine in Women,” in 1923 that the 
problem was examined systematically. In this paper, Bon- 
ney noted many epidemiologic features that only later have 
been confirmed. He noted that urinary incontinence that 
occurs only with some kind of effort was found preferen- 
tially among parous women, noting however that “it does 
not as a rule begin until several years after labor...between 
40 and 50 years of age.” Bonney suggested that female uri- 
nary incontinence arose due to laxity in the vaginal support 
of the urethra. Predating the popularity of defect-based 
understanding of anterior vaginal support, Bonney claimed 
that incontinence was associated only with loss of distal 
anterior vaginal wall support. 
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With the advent of bead-chain cystography in the 1930s, 
Stevens and Smith (1937) broke from Bonney’s ideas and 
emphasized the importance of the urethral sphincter over 
urethral support in the development of urinary inconti- 
nence. This idea echoed the importance other prominent 
surgeons of the day placed on competent urethral sphinc- 
teric function in maintenance of urinary continence. On the 
basis of findings from the development of newer diagnostic 
tools, Barnes (1940) proposed that urinary incontinence 
could either stem from an increase in expulsive forces, a 
decrease in urethral resistance, or a combination of both. 
Although this idea seems obvious, it introduced concepts 
that linger today. Pressure transmission theories arose from 
work by Barnes (1940) and later Enhorning (1961) and 
held that continence stemmed from the equal transmis- 
sion of intra-abdominal pressure to the bladder and urethra 
during periods of abdominal stress (Fig. 15.3). Hilton and 
Stanton (1983) found that subjects with stress inconti- 
nence had lower total urethral length, maximum urethral 
pressure, and pressure transmission ratios along the urethra 
than did continent controls. Furthermore, the total ure- 
thral length and maximum pressure decreased progressively 
with increasing severity of incontinence. Deficient pressure 
transmission ratios were noted in incontinent subjects, but 
not in continent controls, yet they did not correlate with 
severity. These investigators concluded that the main patho- 
physiologic event causing stress incontinence is deficient 
pressure transmission to the urethra. Incontinence sever- 
ity is determined by the degree of abnormalities in resting 
maximum urethral pressure, urethral and intra-abdominal 
pressure variations, and urethral response to sustained 
stress. Because no attempt was made to correlate pressure 
transmission ratios with measures of urethral mobility, it is 
unknown whether deficient pressure transmission results 
from urethral hypermobility, abnormal reflex urethral mus- 
cle contraction, or other undefined factors. 

Use of bead-chain cystourethrograms also contributed 
to the idea that an angle between the urethra and blad- 
der between 90 and 100 degrees is the essential anatomic 


FIGURE 15.3 Pressure transmission concept for stress continence and incontinence. A, In continent women, rises in intra-abdominal pressure 
are transmitted equally to the bladder and urethra. B, In women with anterior vaginal support defects, the bladder base descends and the 
urethra rotates during increases in intra-abdominal pressure. This can lead to decreased pressure transmission to the urethra relative to the 


bladder, which then results in stress urinary incontinence. 
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feature to female urinary stress continence. Arguably, the 
concept is merely a spin on urethral support ideas, but here 
the emphasis is on how urethral support renders an effec- 
tive posterior urethrovesical angle (PUV). Indeed, Green 
(1962) held that cystoceles and stress urinary incontinence 
were practically mutually exclusive. On the basis of the 
appearance of the bead-chain cystourethrogram, stress uri- 
nary incontinence could be classified into two types: type 
I representing complete loss of the PUV angle with pres- 
ervation of the angle of inclination between the upper ure- 
thra to perpendicular, and type II representing loss of both 
the PUV angle and the angle of inclination. The distinction 
between these types served to predict a surgical approach 
and outcome with type II being associated with more fail- 
ures. Green (1962) and Hodgkinson’s (1953) optimism 
that an abnormal PUV angle always was associated with 
stress urinary incontinence was later questioned by Fantl 
et al. (1981), who demonstrated the reliability of bead- 
chain cystourethrogram interpretation to be poor with no 
correlation between their findings and the diagnosis of true 
stress incontinence versus detrusor dysfunction. 

The idea that the normal urethra is an abdominal organ 
and that loss of this position leads to dysfunction falls into 
trouble with a paper by Greenwald et al. (1967), which 
found no correlation between the intra-abdominal position 
of the bladder neck and urinary incontinence. Curiously, 
these concepts deemphasized to some extent the urethral 
support versus sphincteric function debate focusing instead 
on conceptually simpler physical mechanisms. To under- 
stand that urinary incontinence follows conditions in which 
urethral pressure is less than or equal to vesical pressure is 
important, but it disconnects the anatomic and neurophysi- 
ologic considerations that provoke these situations. 

The work by Snooks and Swash (1984) and others found 
pudendal terminal motor latency, a measure of nerve con- 
duction, was delayed in women with urinary incontinence, 
suggesting a neurogenic cause. Although pudendal nerve 
terminal motor latency may not be a good measure of 
nerve conduction, it appears to measure some nerve quality 
and this differs between women with and without urinary 
incontinence. Smith et al. (1989) confirmed this finding 
by demonstrating that partial denervation of pelvic floor 
muscles with subsequent reinnervation is a normal accom- 
paniment of aging and is increased by childbirth. Women 
with stress urinary incontinence, fecal incontinence, or pel- 
vic organ prolapse have significantly greater denervation of 
the pelvic floor than do asymptomatic women. This idea 
that urinary incontinence could stem from dysfunctional 
nerve and muscular function was in distinction from those 
who proposed that it occurred from some kind of defective 
anatomy. Reconciliation of these two basic mechanisms for 
urinary incontinence did not largely result in a merging of 
these ideas. Instead of viewing urinary incontinence as aris- 
ing from potentially multiple mechanisms that vary in kind 
and severity from one woman to the next, one or the other 
of these two mechanisms was seen as singularly operating 
in the incontinent woman. Intrinsic sphincteric deficiency, 
popularized by a monograph on urinary incontinence from 
the Agency for Health Care Policy and Research (1992), 
came to be seen as that subset of stress urinary incontinence 
that arose from lost urethral sphincteric function, poten- 
tially as a result of neuromuscular injury. The problem with 


intrinsic sphincteric deficiency is that it is a clinical observa- 
tion without a clear pathophysiologic mechanism to explain 
the observation. 

Theories regarding the mechanisms underlying stress 
urinary incontinence became further fractionated and 
clinically oriented during the 1980s. Efforts were made to 
define types of stress urinary incontinence to predict treat- 
ment outcome. These efforts include the work by Blaivas 
and Olsson (1988), who subdivided stress urinary inconti- 
nence into five types based on fluoroscopic appearance of 
the bladder and urethra during urodynamics studies. Ulti- 
mately, the distinction of support versus sphincteric func- 
tion underlies these clinical observations. This dichotomy 
neatly reconciles clinical observations and treatment out- 
comes, but the root of support loss (urethral, vaginal, pelvic 
floor) or sphincteric loss (neurogenic, myogenic, congenital, 
or acquired) and the extent to which each is contributing 
to dysfunction is unresolved. Treatment efficacy therefore 
stems not from precise correction of continence anatomy 
but rather from blind compensation of one or more conti- 
nence mechanisms. 


Unifying Theories on the Causes of Urinary 
Incontinence 


Two theories stand out in an attempt to merge the dichot- 
omy of support versus sphincter as the root of female 
urinary incontinence. The Integral Theory introduced by 
Petros and Ulmsten (1990) not only attempted to merge 
this dichotomy but also strove to explain urinary urge symp- 
toms. This theory arose in conjunction with the introduc- 
tion of the tension-free midurethral sling as a treatment for 
stress urinary incontinence. The second theory, the Ham- 
mock hypothesis, introduced by DeLancey (1994) merged 
the concepts of support versus sphincter from a culmination 
of anatomic work and remains conceptually simpler and 
more reflective of current understandings of female pelvic 
anatomy. 

The stated position of the Integral Theory is that “stress 
and urge symptoms both arise from the same anatomic 
defect, a lax vagina” (Petros and Ulmsten, 1990). The 
theory posits that the vagina has a dual role in transmit- 
ting voluntary and involuntary muscle contractions involved 
in bladder neck and urethral closure as well as supporting 
“hypothesized” stretch receptors in the proximal urethra 
and trigone. The groundwork of this theory arises from the 
authors’ perceptions of pelvic anatomy. Petros and Ulmsten 
saw the vagina as having two distinct anatomic segments 
that function together to render urinary continence and 
normal bladder sensation. Between the two segments is the 
pubourethral ligament that acts as a fulcrum. The hypothe- 
sized pubourethral ligament in this setting is not the same as 
the identified lateral attachments between the urethra and 
the levator ani mentioned earlier. Instead the pubourethral 
ligament is purported to extend from the midurethra to the 
symphysis pubis. Beyond this, the theory holds that there 
are two normal urethral closure mechanisms—one at the 
urethra and the other at the bladder neck. A third urethral 
closure mechanism exists that normally is not necessary but 
that can be recruited with pelvic muscle exercises to assist 
in urinary continence should the normal mechanisms fail. 
The first urethral closure mechanism lies at the segment 


CHAPTER 15 Pathophysiology of Urinary Incontinence — E 


FIGURE 15.4 Hammock hypotheses for stress continence and incontinence. A, Abdominal pressure (arrows) forces the urethra against a stable 
supportive layer (black) and compresses the urethra closed. B, Unstable supportive layer (shaded) is ineffective in providing resistant backstop 
against which the urethra can be compressed. C, Despite low, extra-abdominal position of the urethra and presence of cystourethrocele, sup- 
portive layer is firm and provides adequate backstop against which the urethra may be compressed closed. (From DeLancey JOL. Am J Obstet 


Gynecol. 1994;170:1719, with permission.) 


of the vagina between the urethral meatus and the pubo- 
urethral ligament, the “hammock.” The second and most 
important urethral closure mechanism lies between the 
pubourethral ligament and the bladder neck, the “supral- 
evator vagina.” The “hammock” portion of the vagina is ori- 
ented vertically, and the “supralevator” portion of the vagina 
is nearly horizontal. Notably, the anatomic elements of the 
Integral Theory “hammock” and the Hammock hypoth- 
esis do not correspond. Urethral closure relies on contrac- 
tion of the pubococcygeus and external urethral sphincter 
muscles at the hammock portion of the vagina. Contraction 
of the pubococcygeus pulls the “hammock” portion of the 
vagina together with the urethra ventrally. A portion of the 
“supralevator” vagina is the “zone of critical elasticity” that 
lies below the presumed stretch receptors at the bladder 
base. Bladder neck closure relies on this elastic portion of 
the vagina that with levator contraction is pulled backward 
and downward, closing off the bladder neck like a hinge. 
Attachments between the vagina, levators, and anus facili- 
tate this hinge mechanism. The “zone of critical elasticity” 
needs to possess adequate integrity, however, to support 
the hypothesized stretch receptors. Loss of this integrity 
leads to abnormal activation of these stretch receptors and 
symptomatic detrusor overactivity. Overall, this complex 
interplay of anatomic structures contributing to urinary 
continence can be altered and made dysfunctional. Between 
the complexity and the unconventional anatomy, the inte- 
gral theory falls short of its stated intentions. 

The anatomic elements of the Hammock hypothesis were 
discussed earlier in this chapter. The urethra and bladder rest 
on the anterior vagina, which is suspended by fascial attach- 
ments to the levator ani muscles at the arcus tendineus fas- 
ciae pelvis. Loss of this hammock-like support leads to failed 
urethral compression during periods of increased abdominal 
pressure (Fig. 15.4). Furthermore, given the arrangement of 
the striated urethral sphincter muscles, lost vaginal support 
undermines a firm base for them to exert compression. In 
this sense, the Hammock hypothesis satisfies the observa- 
tions of Bonney and other proponents of urethral support. 
Because the Hammock hypothesis dismisses the need for 
an intra-abdominal urethral position, it also reconciles those 
studies that have challenged this concept. But the Hammock 
hypothesis also emphasizes the importance of the levator ani 


FIGURE 15.5 Hammock hypothesis for stress continence. Lateral 
view of pelvic floor with urethra, vagina, and fascial tissues at level of 
bladder neck, indicating compression of the urethra by downward 
force (arrow) against supportive tissues (levator ani muscles and vag- 
inal hammock suspended by attachments to the ATFP), indicating 
influence of abdominal pressure on urethra. (From DeLancey JOL. Am 
J Obstet Gynecol. 1994;170:1718, with permission.) 


in continence (Fig. 15.5). Drawing on studies that document 
lower urethral pressures in patients with striated muscle 
blockade as well as those like Swash et al. (1985) and Smith 
et al. (1989) that linked nerve injury to stress incontinence, 
the Hammock hypothesis conjoins these by emphasizing the 
role of the external urethral sphincter and levator ani in ren- 
dering further urethral function and support. Although the 
Hammock hypothesis does not attempt to explain the etiol- 
ogy of symptomatic detrusor overactivity, its ability to rec- 
oncile the support versus sphincter debate and its truthful 
admission that urinary continence is “most likely related to 
a combination of interdependent factors,” provides a stable 
platform on which to hang new investigation. 

According to DeLancey (2010), the Integral Theory and 
the Hammock hypothesis both emphasize with “varying 
complexity” why urethral support translates into improved 
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FIGURE 15.6 Maximum urethral closure pressure (MUCP) versus 


age in nulliparous women. (From DeLancey JOL. Neurourol Urodyn. 
2010;29(suppl 1):S13, with permission.) 


closure and stress continence. With time, however, the 
emphasis has been qualified. As noted, clinically estimated 
urethral support does not appear to have any predictive qual- 
ity as to which women will have stress incontinence. Further- 
more, the Research On Stress incontinence Etiology (ROSE) 
study (DeLancey et al., 2008) documented that the most 
predictive parameter to distinguish between continent and 
incontinent women was the maximum urethral closure pres- 
sure (MUCP). It alone classified 50% of cases with “the best 
predictors of urethrovaginal support and cough strength,” 
adding only an additional 11% predictive ability (DeLancey 
et al., 2008). Therefore, in perhaps the best study to date on 
identifying the causes of female urinary incontinence, nearly 
40% of the variance remains unexplained. One study found 
that after age 20 years, urethral function declines and this 
corresponds to a documented 15% decline in MUCP per 
decade (Fig. 15.6). Paralleling this decline in MUCP with 
age is a decline in striated and smooth muscles cells in the 
urethra (Fig. 15.7). Although urethral support continues to 
be thought of as an important factor in female continence, its 
role may be most evident among younger women, whereas 
intrinsic urethral function factors may be more important 
among older women. Sorting out the balance of such factors 
as age or parity within the context of an overall hypothesis 
for how female bladder continence is achieved undoubtedly 
will be the focus of future scholarship. 


Mechanisms of Injury 


Having identified many of the elements of female urinary 
continence as well as a plausible framework of how they work 
together, it can be imagined how they can be injured and lead 
to dysfunction. Although these elements are likely interde- 
pendent, some redundancy is apparent, such that more than 
one system needs to be damaged to develop incontinence. 
Childbirth potentially affects not only the structural ele- 
ments of continence but also the nerve and muscular ele- 
ments. Genetic predisposition in collagen composition that 
may vary by race may predispose some women to incur more 
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injury during childbirth or other insults to the pelvic floor. 
Sustained insult to the continence mechanisms as might 
occur with activity, menopause, age, obesity, or childbirth 
can induce injury to the pelvic floor bones, muscles, or nerves 
that alone or in combination with other injuries might lead 
to urinary incontinence and other pelvic floor disorders. It 
was DeLancey’s (1996) hope that by the year 2000 medical 
science would be able to accurately decipher those particu- 
lar elements injured in the incontinent woman with therapy 
directed at that element alone. This hope remains unreal- 
ized, yet it underscores the importance of thinking broadly 
(in structure, function, and timing) about the causes of any 
particular woman’s cause for incontinence. 


Intrinsic Sphincter Deficiency 


The concept of intrinsic sphincter deficiency (ISD) evolved 
out of an attempt to reconcile the debate between sphincter 
versus support as the root of urinary incontinence. The con- 
dition has come to imply a urethra that cannot maintain a 
watertight seal even at rest. Despite the historical concepts 
regarding ISD, the bladder neck and urethra can be hyper- 
mobile or fixed and nonmobile. The muscles involved in 
urethral closure can be lax, or the urethral wall can be rigid 
and scarred. The causes of ISD are multifactorial with likely 
changes in neurologic, muscular, or connective tissue func- 
tion combined to create this clinical entity. ISD should not 
be seen as a distinct pathophysiologic process but rather as 
a clinical diagnosis of the most severe form of stress incon- 
tinence with multiple causes. Patients with ISD are often 
severely incontinent; leaking can occur with standing or 
with minimal exertion. Urodynamically, these patients tend 
to have lower maximum urethral closure (<20 cm H20) 
and leak point pressures (<60 cm H20). Notably, two stud- 
ies investigated the association between patient-reported 
incontinence severity and urodynamic leak point pressure. 
One study found a weak association, while the other found 
no association at all. Clearly between a woman’s experi- 
ence of incontinence and urodynamic investigations of it 
are many unmeasured factors, yet some treatment outcome 
studies (but not all) have demonstrated better continence 
outcomes among women with higher leak point pressures. 
This is common for many types of diseases: The most severe 


forms are the most difficult to cure. The “noise” of the vari- 
ous clinical factors and the challenges in how urethral resis- 
tance is even measured and interpreted should temper the 
resolve one has for the significance of this clinical entity. 


Conclusion 


Multiple physiologic factors, only one of which is urethral 
support, make up the female urinary continence mechanism. 
Other important factors include levator muscle strength, 
which is a function of both nerve and muscle integrity, 
and urethral sphincter competence, which reflects nerve, 
muscle, and soft tissue integrity. Different combinations of 
these factors can together become dysfunctional and create 
each woman’s “unique” incontinence problem. 

The etiology of stress urinary incontinence is more com- 
plex than the simple theories that evoke singular anatomic 
or neurologic injury during childbirth. Most likely, mater- 
nal characteristics, fetal size and position, labor character- 
istics, and obstetric management define the likelihood of 
anatomic or nerve injury. These injuries unmask a suscepti- 
bility to stress incontinence that is defined genetically (tis- 
sue strength, mechanical, and anatomic relationships) and 
behaviorally (nutrition, smoking, and exercise). Although 
the Hammock hypothesis now offers the best agree- 
ment between how observed anatomy may interface with 
observed vaginal, urethral, and bladder function, the Inte- 
gral Theory beguiles us to consider how anatomy also may 
promote bladder overactivity. Meanwhile, being overlaid on 
the form and function relationships of the bladder, urethra, 
and vagina are the neurophysiologic mechanisms that further 
blur the distinctions between stress and urge incontinence. 

The massive social, medical, and financial impact of 
urinary and fecal incontinence in women warrants a major 
commitment to the understanding of the pathophysiology 
of the disease. The relationship between pregnancy, child- 
birth, and incontinence will require longitudinal studies 
of the lower urinary tract and anal sphincter before, dur- 
ing, and after pregnancy in a large, heterogenous group of 
primiparous women. Unbiased subject selection and stan- 
dardized ascertainment of history, physical examination, 
and diagnostic testing (cystometrogram, urethral studies, 
endoanal ultrasound, pelvic magnetic resonance imaging, 
studies of pudendal nerve function, and others) are criti- 
cal. Results then could be correlated in multivariate analyses 
with demographic, morphometric, and obstetric variables to 
help answer these important clinical questions. 
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Introduction 


There are many physiologic adaptations a woman undergoes 
during the course of a routine pregnancy. In most obstet- 
ric textbooks, much attention is focused on the physiologic 
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changes in the cardiovascular, hematologic, renal, and 
immunologic systems, and anatomic changes in the uterus 
and the growing fetus and placenta. There are also anatomic 
and physiologic changes in the lower genitourinary tract and 
pelvic floor support. The subsequent process of both labor 
and delivery also impart significant changes, especially to 
the pelvic floor support. 

To whom are these changes significant? Which woman 
will evidence the symptoms of pelvic floor disorders (PFDs), 
about which this textbook is dedicated? Nearly 100 years 
ago, (in his argument espousing more liberal use of forceps, 
it must be pointed out), DeLee wrote: 


Labor has been called, and still is believed by many 

to be, a normal function ... and yet it is a decidedly 
pathologic process. Everything, of course, depends on 
what we define as normal. If a woman falls on a pitch- 
fork, and drives the handle through her perineum, we call 
that pathologic-abnormal, but if a large baby is driven 
through the pelvic floor, we say that it is natural, and 
therefore normal. 


This chapter discusses the relevant changes that occur 
with pregnancy and following delivery, and how they may 
affect the development of PFDs. 


Alterations of Pelvic Floor Anatomy 
and Physiology in Pregnancy 


Pelvic Floor Support 


As pointed out in Chapter 2, interactions between the pel- 
vic floor muscles and connective tissue attachments provide 
the support to the pelvic organs. Probably as a result of hor- 
monal changes, there are significant adaptations to prepare 
the pelvic floor and birth passage for the events of labor 
and delivery. Clinical evidence of this has been observed 
using the standardized pelvic organ prolapse (POPQ) sys- 
tem. O’Boyle et al. (2002) found that nulliparous pregnant 
women were more likely to have mild pelvic organ prolapse 
(POP) than their nulligravid counterparts. 

Consistent with the clinical changes noted earlier, molec- 
ular and histologic studies of vaginal tissues have demon- 
strated increased amounts of extracellular matrix material 


in the fibromuscular layers. Collagen becomes less densely 
packed, and smooth muscle cells revert to noncontractile 
phenotypes (Daucher et al., 2007). The result of these 
changes is increased distensibility of the vagina, presumably 
to allow for genital stretching during parturition (Alperin 
et al., 2010). 

The advent of genetically engineered knockout mouse 
models (LOXL-1 and FBN-5) have provided more insight 
for changes in elastin homeostasis during pregnancy, and the 
potential that the mechanisms responsible for the regenera- 
tion of the elastic properties of the vagina may be deranged 
in those animals who develop prolapse as well as other PFD 
postpartum. 


Urinary Tract in Pregnancy 


The kidneys and urinary tract play a major role in maternal 
adaptation to pregnancy. Consequently, observed differ- 
ences in function cannot be judged by nonpregnant stan- 
dards. The renal system increases in size and capacity during 
pregnancy. Anatomic changes involving the urinary tract 
begin during the first trimester of pregnancy and can persist 
up to 16 weeks postpartum. 

The most striking anatomic change in the urinary tract is 
dilation of the ureters (Fig. 16.1). Bilateral dilation of the 
calyces, renal pelvis, and ureters can be seen early during 
the first trimester and is present in 90% of women during 
the late third trimester or early puerperium. The changes 
are usually more prominent on the right and may persist 
for 3 to 4 months. In 11% of women, ureteral dilation per- 
sists indefinitely (Bailey et al., 1971). In addition, there is 


FIGURE 16.1 Hydronephrosis and hydroureter associated with 
pregnancy. 
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reduced ureteral peristalsis compared with the nonpregnant 
state. 

Vesicoureteral reflux is a sporadic, transient occurrence 
during pregnancy and has been demonstrated radiologically 
in 3.5% of pregnant women. The enlarging uterus displaces 
the ureters laterally, and the intravesical ureters are short- 
ened and enter the bladder perpendicularly rather than 
obliquely. Consequently, the ureterovesical junction is less 
efficient in preventing reflux. This increased incidence of 
reflux may explain the high incidence of pyelonephritis dur- 
ing pregnancy; however, this association has not been con- 
firmed. The transitory nature of vesicoureteral reflux, and 
the necessary exposure to X-rays for study purposes, hinder 
adequate evaluation of the problem. Nevertheless, vesico- 
ureteral reflux probably plays only a small role in symptom- 
atic or asymptomatic urinary tract infection (UTI). 

Renal blood flow is usually assessed by r-aminohippu- 
rate clearance, which measures effective renal plasma flow 
(ERPF). ERPF increases significantly during pregnancy. It 
reaches a peak increment during the mid trimester of 50% to 
85% and then shows a small decline during the third trimes- 
ter. ERPF and glomerular filtration rate (GFR) in pregnancy 
are affected markedly by posture, and are maximal when 
the pregnant woman lies on her side. Normal pregnancy is 
associated with plasma volume expansion and an increase 
in the GFR of 40% to 65% (measured by insulin clearance) 
and a decrease in GFR of approximately 15% to 20% late 
during the third trimester. The mechanisms responsible for 
the increase in GFR, plasma volume, and renal plasma flow 
rate are unknown. 

Tests of renal function during pregnancy must be inter- 
preted in relation to the changes in plasma volume, glomer- 
ular filtration, and tubular reabsorption that normally occur 
with advancing gestation. Many of the commonly used tests 
of function yield lower results in pregnancy than in the non- 
pregnant state. Consequently, values that may be regarded 
as normal during the nonpregnant state may well indicate 
renal dysfunction in pregnancy. 

Uric acid, blood urea nitrogen (BUN), and serum creati- 
nine levels are crude indices of renal function. In pregnancy, 
plasma uric acid usually decreases by 25% beginning during 
the first trimester, and increases during the third trimes- 
ter. Upper normal limits of plasma uric acid levels are 5 to 
5.5 mg/dL during pregnancy. Levels are influenced by race, 
multiple gestation, and time of day sampled, with higher 
levels in the morning. An indicator of renal filtration, the 
BUN normally decreases from nonpregnant levels of 12 mg/ 
dL (4.3 mmol/L) to 9 mg/dL (3.2 mmol/L), and plasma 
creatinine levels decline from a nonpregnant mean value of 
0.7 mg/dL (62 mmol/L) to 0.5 mg/dL (44 mmol/L). If the 
plasma creatinine level exceeds 0.9 mg/dL or if the BUN is 
greater than 14 mg/dL at any stage during pregnancy, renal 
dysfunction should be suspected and more detailed investi- 
gation should be performed. 

Twenty-four-hour creatinine clearance is the best clinical 
measurement of GFR. By week 8 of pregnancy, the creati- 
nine clearance rate normally increases by 45% and remains 
elevated during the second trimester. During the final 
weeks of pregnancy, creatinine clearance usually declines to 
near-nonpregnant levels. 

Urinalysis is essentially unchanged during pregnancy. 
However, many variables can affect the results. Normal 


226 


kidneys should be able to concentrate urine to a specific 
gravity of 1.026 or more, and to dilute urine to a value less 
than 1.005. During pregnancy, posture affects urine concen- 
tration and specific gravity. 

In addition to the ERPF, the capacity of the urinary tract 
increases during pregnancy. Bladder volume during preg- 
nancy increases to 450 to 650 mL, compared with 400 mL 
in nonpregnant control subjects (Table 16.1). The hydro- 
nephrotic ureters can hold as much as 200 mL extra urine; 
however, no changes appear in the contraction patterns on 
retrograde cystometry. Depending on maternal position, 
uterine size, and position of the fetus, the functional vol- 
ume of the bladder and ureters is dynamic during the third 
trimester. This increased functional volume, coupled with 
high urine flows (especially with fluid mobilization at night), 
causes polyuria and nocturia in most pregnant women. 

The etiology of ureteral and bladder dilation generates 
much discussion. Sharp termination of the ureteral dilation 
at the pelvic brim seen on intravenous pyelogram (IVP) sug- 
gests an obstruction. When a woman is upright or supine, as 
during the filming of an IVP, the pregnant uterus compresses 
the ureter against the pelvic rim and its overlying iliac ves- 
sels. On the left side, the ureter is somewhat protected by 
the iliac arteries and sigmoid colon and, as a result, is usu- 
ally less dilated than the right ureter. Although mechani- 
cal obstruction plays a major role in ureteral dilation during 
pregnancy, the relative infrequency of ureteral obstruction 
by large ovarian tumors or fibroids in nonpregnant women 
suggests additional factors. In addition, high urine produc- 
tion, as occurs in diabetes insipidus or pregnancy, is also 
associated with urinary tract dilation. 

In the past, the elevated progesterone levels that accom- 
pany pregnancy were thought to cause smooth muscle 
relaxation and subsequent hypotonicity and hypomotility 
of the ureter—defects that would contribute to ureteral 
dilation. Contrary to the latter observation, the large doses 
of synthetic progesterone used in cancer chemotherapy do 
not cause ureteral dilation. Measurements of ureteral tone 
during pregnancy reveal an increase in ureteral tone and 
no decrease in frequency or amplitude of ureteral contrac- 
tions. Histologic study of the ureters of pregnant animals 
reveals smooth muscle hypertrophy and hyperplasia of the 
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connective tissue. Thus, progesterone probably plays a small 
role in ureteral dilation during pregnancy. 


Urinary Tract Conditions during Pregnancy 


Urinary Retention 


Occasionally, the enlarging uterus completely obstructs 
both ureters and causes azotemia. Patients usually present 
during the early second trimester with a retroverted uterus 
(perhaps incarcerated), flank pain, and minimal signs of 
infection. The differential diagnosis includes pyelonephri- 
tis, renal calculi, or papillary necrosis. Serum creatinine 
is elevated (3.8-11.6 mL/dL), but urinary sediment does 
not indicate intrinsic renal disease or prerenal azotemia. 
The diagnosis is confirmed by IVP or renal ultrasound. In 
this case, treatment requires bimanual manipulation of the 
uterus out of the sacral hollow. Some have recommended 
the use of a Smith-Hodge pessary to maintain anteversion 
of the uterus. Other risk factors for obstruction include 
previous urologic surgery, unilateral absence of a kidney, 
polyhydramnios, multiple gestation, and ovarian or uterine 
neoplasia. 

Occasionally, third-trimester retention can develop. 
Ultimately, delivery relieves the obstruction, and postpar- 
tum recovery is complete. In cases remote from term, fetal 
risk from preterm delivery outweighs the risks of urologic 
management. Conservative management for 12 to 24 hours 
is warranted before more aggressive therapy is initiated, 
including amniocentesis (in cases with polyhydramnios), 
cystoscopically-placed ureteral stents, or percutaneous 
nephrostomy under ultrasound guidance. 


Urinary Incontinence 


As shown in Table 16.1, the symptoms of frequency, noc- 
turia, and incontinence all increase during in the first tri- 
mester, and increase during the course of the pregnancy. 
Part of this change is a result of the increase in glomerular 
flow described earlier. Stress incontinence is more common 
than urge incontinence or overactive bladder symptoms, 
but mixed symptoms are common. For those who do have 
incontinence rather than frequency alone, their quality of 
life is affected significantly more. The few urodynamic 


Table 16.1 Urologic Symptoms and Measurements in Pregnancy 


First Trimester Second Trimester Third Trimester Postpartum 
Symptom Frequency 
Day 27 45% 61% 96% 17% 
Night =2 22% 39% 64% 6% 
Incontinence 
Stress 30% 31% 85% 6% 
Urge 4% 13% 2% 8% 
Hesitancy 24% 28% 22% 9% 
Measurement 
Urine output (mL) 1917 2020 1820 1475 
Bladder capacity (mL) 410 460 272 410 
Functional urethral length (mm) 30.3 + 4.6 BSE Sal PU AS ae olf 
Bladder pressure (cm H20) ) ae 3} 20 +3 Q) ge 2 
Closure pressure (cm H20) 61+14 73418 60+ 14 


Data from Francis WJA: | Obstet Gynaecol Br Commonw 1 960;67:35 3; losif et al.: Am | Obstet Gynecol 1980;137:690; Stanton et al.: Br | Obstet 


Gynaecol 1980;87:897. 


studies that have been done during pregnancy demon- 
strate that bladder capacity increases throughout gestation, 
and functional urethral length and closure pressures may 
increase, but urinary symptoms and urodynamic findings do 
not always correlate well. Treatment of incontinence during 
pregnancy is typically pelvic floor rehabilitation. Although 
oxybutynin has been assigned a category B rating during 
pregnancy, most providers would not initiate anticholiner- 
gic treatment as a first-line agent, recognizing that many of 
the previously described urinary symptoms will change after 
delivery. 


Asymptomatic Bacteriuria 


The cohort of women with chronic, episodic asymptomatic 
bacteriuria is identified by routine screening of urine cul- 
tures at the first prenatal visit. The prevalence of asymp- 
tomatic bacteriuria (two or more cultures at 2105 cfu/mL) 
is increased by prior renal or urinary tract disease, diabetes, 
sickle cell trait or disease, poor hygiene, high parity, increased 
age, and lower socioeconomic status. The overall prevalence 
varies between 1.9% and 11.8%, with the lowest preva- 
lence in primiparous patients of the upper socioeconomic 
class and the highest among indigent multiparas. Although 
most women with asymptomatic bacteriuria are identified 
shortly after entering prenatal care, approximately 1% to 
2% acquires bacteriuria later during pregnancy. 

Because of the more significant concerns of worsening 
obstetric outcomes associated with an escalation to acute 
cystitis or pyelonephritis and because the positive predic- 
tive values of culture-independent tests (i.e., dipstick uri- 
nalysis) drop precipitously with low prevalence, they should 
not be used for diagnosis in the pregnant population. On the 
other hand, the negative predictive value is 98% or more 
with any of these tests. In a low-risk population, urine test- 
ing for leukocyte esterase and nitrite on a clean-catch, first- 
void midstream specimen can supplant urine culture. In 
high-risk groups (Box 16.1), a culture should be obtained 
each trimester. 

The association between preterm birth and asymptom- 
atic bacteriuria was first identified by Elder, Kass, and 
others at Boston City Hospital between 1955 and 1960. 
This initial study reported that 32 of 179 (17.8%) patients 
with bacteriuria delivered low-birth weight (LBW) infants, 
whereas 88 of 1000 (8.8%) patients without bacteriuria 


Diabetes 

Sickle cell disease or trait 

Urinary tract abnormalities 
Miullerian duct abnormalities 

Renal disease 

Urolithiasis 

Hypertensive diseases 

Chronic analgesic use 

Genitourinary group B Streptococcus 
History of urinary tract infections 
Severe ureteral reflux 

Urinary infections as a child younger than 4 years old 
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delivered LBW infants. Romero et al. (1989) reviewed 19 
studies that related bacteriuria to LBW infants. In these 
studies, 3619 pregnant women with bacteriuria delivered 
400 (11%; range, 4.4%-23%) LBW infants. In these same 
studies, 31,277 women without bacteriuria delivered 2725 
(8.7%; range, 3%-13.5%) LBW infants. In 1989, Romero 
et al. performed a meta-analysis on the relationship between 
asymptomatic bacteriuria and LBW. Eight randomized clini- 
cal trials of antibiotic therapy showed a significant reduction 
in the frequency of LBW after antibiotic therapy (typical 
relative risk (RR) of 0.56, with a 95% confidence interval 
(CI) of 0.43-0.73). It is unclear whether the benefit from 
antibiotics results from a reduction in asymptomatic or 
symptomatic pyelonephritis, or from beneficial changes in 
abnormal genital tract flora, which is associated with LBW. 

The association between asymptomatic bacteriuria and 
other adverse pregnancy outcomes (hypertension, anemia, 
chronic renal disease, and fetal neuropathology) is con- 
troversial, being both supported and refuted by different 
cohort studies. Between 25% and 50% of pregnant women 
with asymptomatic bacteriuria have evidence of asymptom- 
atic renal involvement, and these women are twice as likely 
to relapse within 2 weeks after therapy as women with 
bladder bacteriuria alone. Asymptomatic renal infection has 
been associated with decreased creatinine clearance, intra- 
uterine growth retardation, and maternal hypertension. On 
the other hand, Gilstrap et al. (1981b) failed to note a dif- 
ference in outcomes between asymptomatic women with 
and without renal infection, as defined by fluorescent anti- 
body testing (Table 16.2). 

A variety of antimicrobial agents and treatment regimens 
have been used to treat asymptomatic bacteriuria during 
pregnancy. Most community-acquired pathogens associ- 
ated with asymptomatic bacteriuria during pregnancy are 
sensitive to sulfa drugs (sulfisoxazole, 1 g four times a day 
(qid) for 7-10 days), nitrofurantoin (100 mg twice daily for 
7-10 days), or cephalosporins (cephalexin, 500 mg qid for 
7-10 days). Ampicillin (500 mg qid for 7-10 days) is a time- 
honored, safe, and inexpensive therapy; however, there are 
a growing number of resistant Escherichia coli strains (Table 


16.3). Other antibiotics should be used. A Cochrane Review 


Table 16.2 Incidence of Urinary Tract Infection 


during Pregnancy 


Infection Incidence (%) 
Asymptomatic bacteriuria 2-11 
Acute cystitis 1-4 
Acute pyelonephritis 1-2 


Table 16.3 Microbiology of Urinary Tract 


Infections in Pregnancy 


Organism Percentage 
Escherichia coli 60-80 
Klebsiella pneumoniae-Enterobacter 3-5 
Proteus sp. 1-5 
Streptococcus faecalis 1-4 
Group B Streptococcus 4-8 
Staphylococcus saprophyticus 1-3 


228 PART 4 Management of Stress Urinary Incontinence and Pelvic Organ Prolapse 


supported the extended treatment duration rather than sin- 
gle-dose regimens (Widmer et al., 2011). 

Between 20% and 30% of women who have bacteriuria 
during pregnancy will have bacteriuria on long-term follow- 
up cultures when not pregnant. Radiologic examination at 
follow-up of women who had bacteriuria during pregnancy 
revealed abnormalities in 316 of 777 women (41%; range, 
5%-75%). Chronic pyelonephritis was the most common 
radiologic diagnosis (47% of abnormalities). The incidence 
of bacteriuria during first pregnancies was significantly 
greater in women with (47%) than without (27%) renal 
scarring from childhood urinary infections. Similar control 
subjects who had not had childhood urinary infections had 
an incidence of 2%. 


Acute Cystitis 


Acute cystitis occurs in 1% to 4% of pregnancies. The 
reported frequency is only minimally greater than the fre- 
quency of cystitis in sexually active nonpregnant women. 
Unfortunately, the diagnosis is more difficult to make 
during pregnancy. Most pregnant women have urgency, 
frequency, or suprapubic discomfort. Suprapubic discom- 
fort in pregnancy often results from pressure from the 
presenting fetal part or early labor. Nevertheless, suprapu- 
bic discomfort from cystitis is unique, and most women 
with a history of acute cystitis can discriminate accurately 
between cystitis and pregnancy-related discomfort. The 
most reliable findings are dysuria and hematuria. Acute 
dysuria may also result from labial or perivaginal irritation 
from vaginitis, vulvitis, herpes simplex, condylomata acu- 
minatum, or genital ulcers. Because of the separate preg- 
nancy risks encumbered with these factors, an inspection 
of the vulva and vagina is warranted in patients with acute 
cystitis during pregnancy. 

Preterm labor and threatening second-trimester loss 
often present with signs and symptoms similar to those of 
acute cystitis. As the lower uterine segment expands and 
the presenting fetal part descends, hesitancy, urgency, fre- 
quency, and suprapubic discomfort occur. A bloody vaginal 
discharge may contaminate and confuse urine testing, and 
may lead to misdiagnosis of UTI. Pelvic examination is war- 
ranted in patients presenting with signs and symptoms of 
lower UTI to rule out preterm labor. 

The pathophysiology of acute cystitis is more similar 
to that of asymptomatic bacteriuria than pyelonephri- 
tis. Acute cystitis has sociodemographic and behavioral 
risk factors similar to those of asymptomatic bacteriuria. 
Enterobacteriaceae, especially E. coli, are the most com- 
mon uropathogens. Acute cystitis is associated with a 
high prevalence of uropathogens in the periurethral flora. 
E. coli serotypes are associated with more epithelial cell 
adherence, hence virulence, than fecal strains. Antibody- 
coated bacteria, indicative of renal infection, are pres- 
ent in only 5% of acute cystitis, compared with 45% for 
asymptomatic bacteriuria and 65% for acute pyelonephri- 
tis. This difference may result from earlier identification 
and treatment of the patient with these latter condi- 
tions because of the intense discomfort that accompanies 
cystitis. 

Treatment of acute cystitis is similar to that of asymp- 
tomatic bacteriuria: nitrofurantoin, a cephalosporin, or a 
sulfonamide. Because these patients are symptomatic, 


therapy is initiated as soon as a midstream, clean-catch 
urine culture has been obtained. A test-of-cure culture 
is obtained within 2 weeks after therapy is complete. 
Between 10% and 20% have a positive test-of-cure cul- 
ture, representing a relapse. These women should be 
retreated with another antibiotic, as determined by bacte- 
rial sensitivities. After retreatment, these patients should 
be placed on suppressive antibiotic therapy. Without sup- 
pressive therapy, an additional 20% to 30% of women 
develop another UTI—a reinfection—during the remain- 
der of their pregnancies and puerperia. Because of the risk 
of recurrence, patients with cystitis should be monitored 
intensively, with a urine screen biweekly for nitrite and 
leukocyte esterase. 


Acute Pyelonephritis 


Acute pyelonephritis is the most common serious medi- 
cal complication of pregnancy. The modern incidence of 
pyelonephritis is 1% to 2%. Often, these patients present 
for prenatal care late during pregnancy with the signs and 
symptoms of pyelonephritis. Only 40% to 67% of cases of 
pyelonephritis occur in patients with a known history of 
asymptomatic bacteriuria. Three-fourths of women with 
pyelonephritis present in the antepartum period, 5% to 
10% during labor, and 15% to 20% postpartum. Antepartum 
pyelonephritis occurs mainly after the first trimester: 10% 
to 20% during the first trimester, 45% to 70% during the 
second trimester, and 8% to 45% during the third trimester. 
The predominance of pyelonephritis during late pregnancy 
and the puerperium likely relates to the partial obstruction 
caused by the growing uterus and to trauma or interventions 
at birth. 

The diagnosis of acute pyelonephritis is based on clinical 
presentation: a temperature of 38 °C or more, costover- 
tebral angle tenderness, and either bacteriuria or pyuria. 
Enterobacteriaceae cause a majority of the cases of pyelo- 
nephritis: E. coli, 70% to 80%; Klebsiella-enterobacter spp., 
5%; Proteus sp., 2% to 4%; and gram-positive organisms 
inducing group B Streptococcus, 10%. Blood cultures are 
positive in 17% of cases. Infection of the kidney may have 
an effect on function. Two percent have a serum creatinine 
greater than 1.1 mg/dL. This dysfunction is a direct result 
of endotoxic injury to both kidneys. After appropriate anti- 
biotic treatment, renal function returns to normal by 3 to 
8 weeks. 

Endotoxins produced by Enterobacteriaceae have 
adverse consequences on multiple organ systems as well as 
the kidneys. The injuries include thermoregulatory insta- 
bility (fever and chills), destruction of blood cells (leuko- 
cytopenia, thrombocytopenia, anemia), hypercoagulability 
(disseminated intervascular coagulation), endothelial injury 
(adult respiratory distress syndrome), cardiomyopathy 
(pulmonary edema), and myometrial irritability (preterm 
labor). 

Overt septic shock or adult respiratory distress syndrome 
occurs in 1% to 2% of pregnant women with acute pyelo- 
nephritis. Clinical clues to the development of these life- 
threatening complications are leukocytopenia (<6000 cells/ 
mL2), hypothermia (<35 °C), elevated respiratory rate, 
and widened pulse pressure. During the late stages, hypo- 
thermia, mental confusion, and symptomatic hyperstimu- 
lation of the sympathetic nervous system (cold, clammy 


extremities) herald a scenario that often leads to maternal 
or fetal death. 

Most pregnant women with pyelonephritis (and all preg- 
nant women greater than 24 weeks’ gestation) should be 
hospitalized because of the additional fetal and maternal 
risks of acute pyelonephritis in pregnancy. Appropriate 
broad spectrum antibiotics should be initiated as soon as 
possible after urine and blood cultures are obtained. Antibi- 
otic therapy should be continued until the patient is afebrile 
(<37 °C) for more than 24 h. The patient should finish a 
14-day course of antibiotics with oral medication. A test- 
of-cure urine culture should be performed 2 weeks after 
therapy. Reinfection is common in these patients; 20% have 
asymptomatic bacteriuria and 23% have recurrent pyelo- 
nephritis. Frequent surveillance (nitrite/leukocyte esterase 
testing biweekly) or suppressive antibiotic therapy (nitrofu- 
rantoin, 100 mg every night at bedtime) is warranted. With 
either regimen, the risk of recurrent pyelonephritis is less 
than 10%. 

Because many patients are dehydrated as a result of nau- 
sea and vomiting, careful rehydration is started. The degree 
of endothelial damage in the lungs may not be apparent, so 
careful attention to fluid intake and output, and vital signs, 
especially respiratory rate, is imperative. 

Endotoxins stimulate cytokine and prostaglandin produc- 
tion by decidual macrophages and fetal membranes. The 
ensuing preterm contractions raise concern for preterm birth. 
In the past, preterm labor and delivery were reported to be 
a common finding in women with pyelonephritis; however, 
data in 440 cases reported by Hill et al. (2005) found a rate 
of only 5%. 

The differential diagnosis in patients with persistent 
fever and costovertebral angle tenderness at 72 h of 
therapy includes a resistant organism, urolithiasis, renal 
abscess, complete ureteral obstruction, or another source 
of infection (e.g., appendicitis or intra-amniotic infec- 
tion). A radiologic evaluation of the urinary tract is war- 
ranted after reexamination of the patient and review of 
culture and sensitivity reports. Many radiologists have 
undue concern regarding the fetal dangers of IVPs dur- 
ing pregnancy and advocate renal ultrasound. A renal 
ultrasound is useful for evaluating renal abscess, but not 
for evaluating function or ureteral abnormalities—the 
more common issues associated with antibiotic failure. 
A “one-shot” IVP (no plain film and one 20-min film) is 
appropriate. 


Urolithiasis 


Urolithiasis occurs in 0.03% to 0.9% of pregnancies, usually 
in the last two trimesters. Between 20% and 40% of women 
with urolithiasis during pregnancy have a history of stone 
disease. Although pregnancy does not appear to increase the 
risk of urolithiasis during any 9-month period in susceptible 
persons, recurrent urolithiasis may indicate primary renal 
disease (medullary sponge kidney), transport diseases (renal 
tubular acidosis), or metabolic diseases (hyperparathyroid- 
ism). The fetal or maternal risk may reflect these systemic 
diseases rather than urolithiasis alone. 

Most stones (70%) pass during the second or third tri- 
mester, with equal distribution between the right and left 
sides. The presentation is more obscure during pregnancy; 
the most common signs being severe flank pain (80%) 
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with radiation to the groin or lower abdomen, nausea, and 
vomiting. Renal colic is less common after the first trimes- 
ter because of ureteral dilation. Likewise, gross hematuria 
is less common (23%), but microscopic hematuria occurs 
in 60% to 90% of patients. Bacteriuria may be present in 
80%. 

The differential diagnosis includes premature labor, 
appendicitis, and, most commonly, pyelonephritis. Prema- 
ture labor is diagnosed by contractions and cervical dila- 
tion. Urolithiasis is more likely than appendicitis when the 
patient has no fever, the abdominal pain is not localized to 
the right lower quadrant, and no peritoneal signs are pres- 
ent. The most difficult differentiation is between pyelone- 
phritis and urolithiasis. Indeed, they may coexist. 

IVP is the diagnostic technique of choice. In pregnancy, 
the protocol and frequency of IVP are curtailed. The IVP 
should be limited to a 20-min film and, if there is delayed 
excretion, a 60-min film. Fluoroscopy is used only in very 
exceptional circumstances. An IVP is indicated when the 
patient has renal colic and gross hematuria, persistent fever 
or a positive culture after 48 h of parenteral antibiotic ther- 
apy, persistent nausea and vomiting after 48 h of conserva- 
tive therapy, or evidence of a complete obstruction (e.g., 
increasing levels of BUN and serum creatinine). 

Transabdominal or transvaginal ultrasound often is the 
first diagnostic choice of radiologists. Their concern is the 
0.4 to 1 rad of radiation the fetus receives with a limited 
IVP. There is concern that doses this low may double child- 
hood cancer rates. Although ultrasound is a good diagnostic 
tool for renal abnormalities and ureteral dilation, its sensi- 
tivity is 34%, with an 86% specificity for the detection of 
an abnormality in the presence of a stone in a symptomatic 
patient. In one study, renal ultrasound was used as the pri- 
mary diagnostic test in 35 of 56 women, but calculi were 
detected in only 21 (60%) of these women (Butler et al., 
2000). IVP is clearly more efficacious for diagnosis of distal 
stones. 

Urolithiasis in pregnancy is treated conservatively with 
bed rest, hydration, and analgesics. Seventy percent of 
patients pass the stone spontaneously. Urolithiasis during 
pregnancy does not increase the likelihood of abortion, pre- 
maturity, or hypertension, but the incidence of symptomatic 
urinary tract disease is greater in pregnancies complicated 
by a history of urolithiasis (20%-65%), potentially leading 
to an increased rate of preterm rupture of membranes. Par- 
enteral antibiotics (cefazolin 2 g IV q6h) are added to con- 
servative management when infection is likely. 

When conservative management is unsuccessful (com- 
plete obstruction, persistent pain, or sepsis), surgical inter- 
vention is indicated. The choice of procedure depends on 
the size and location of the stone. The usual procedures 
include basket extraction or retrograde stent placement at 
cystoscopy. Percutaneous nephrostomy under ultrasound 
guidance has also been used as a temporizing procedure. 
Rarely and with considerably more fetal and maternal mor- 
bidity, ureterolithotomy, pyelolithotomy/pyelotomy, or par- 
tial nephrectomy can be performed. 


Previous Urologic Surgery 


An increasing number of women are becoming pregnant who 
were born with urinary tract abnormalities that were cor- 
rected surgically. These operations include urinary diversion 
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procedures (ileal conduit and ureterosigmoidostomy), 
augmentation cystoplasty, and ureteral reimplantation for 
vesicoureteral reflux. The changes in pelvic anatomy caused 
by the enlarging uterus create the potential for infection, 
obstruction, and trauma at cesarean section. 

Pregnancy in patients with a urinary diversion is com- 
plicated by premature delivery, 20% to 50%; symptomatic 
UTIs, 15%; urinary obstruction, 10%; and intestinal obstruc- 
tion, 10%. Cesarean delivery should be reserved for obstetric 
indications. Although less commonly performed, a uretero- 
sigmoidostomy may be an indication to schedule a cesarean 
delivery to preserve the integrity of the anal sphincter. 

During the past 20 years, the treatment of patients with 
abnormal urinary tracts has changed from cutaneous diver- 
sion to patients who have had a continent internal diver- 
sion and augmentation cystoplasty, they may have also 
undergone vesical neck reconstruction or artificial sphinc- 
ter placement. This may place the patient at risk for the 
development of incontinence after vaginal delivery. Hill 
et al. (1990) reviewed 15 pregnancies in 15 women after 
augmentation cystoplasty. Eight of thirteen were continent 
before, during, and after pregnancy. One patient who was 
continent before delivery became incontinent after vaginal 
delivery. Four patients became incontinent during the last 
trimester, but regained continence postpartum. The preg- 
nancies were complicated by UTIs (60%), preterm labor 
(20%), and urinary obstruction (7%). Five cesarean deliv- 
eries were performed, three electively for vesical neck or 
artificial sphincter construction. One cesarean operation 
was complicated by extensive anterior uterine adhesions. 
Although stretching of the mesentery by the enlarging 
uterus has the potential risk of vascular compromise, this 
complication was not seen in the 15 patients. 

Ureteral reimplantation has been performed routinely 
for severe primary vesicoureteral reflux for many years. 
Austenfeld and Snow (1988) reviewed 64 pregnancies in 
34 women after ureteroneocystostomy for primary reflux. 
The overall infection rate before pregnancy was 48%. Dur- 
ing pregnancy, 57% experienced a UTI. Pyelonephritis was 
more common during pregnancy (17%) than before preg- 
nancy (4%). Of the 64 pregnancies, eight were lost between 
9 weeks and 21 weeks, and six were associated with a UTI. 
The authors did not report the route of delivery and the dif- 
ficulty of cesarean section. 

The latter reviews of pregnancies in women with urinary 
tract surgery suggest the following obstetric management: 
close monitoring for preterm labor (patient education, fre- 
quent office visits, frequent pelvic examinations), suppres- 
sive antibiotic therapy (nitrofurantoin 100 mg every night at 
bedtime), monthly BUN and serum creatinine evaluation, 
vigilance for ureteral obstruction, vaginal delivery except 
for obstetric indications and patients who have undergone 
urinary diversion to the sigmoid and bladder neck/sphinc- 
ter surgery, and urologic consultation at cesarean section for 
patients with a history of complex urologic surgery, espe- 
cially augmentation cystoplasty. 


Impact of Childbirth on Anatomy 
and Physiology 


You may likely have witnessed countless times the miracle 
of childbirth and you may also have likely considered the 


“Ps”—that is, how the power pushes the passenger through 
the passage. In a classic review, Power (1946) described the 
mechanism by which the fetus negotiates the birth canal 
and is expelled through the pelvic diaphragm as follows: 


As the flexed fetal head strikes the pelvic floor, the leva- 
tor ani muscle segments are funneled from behind and 
forward. The ischiococcygeus muscle is the first to receive 
the impact, but the head is often preceded by a dilating 
wedge of amniotic fluid and membranes that transfers 
most of the pressure onto the front of the pubococcygeus 
muscle. The anococcygeal raphe is pushed down until it 
becomes vertical. The ischiococcygeus assumes a vertical 
plane and acts as a deflecting surface for the descending 
head, which is deflected downward and forward onto the 
iliococcygeus. 

After the resistance of the ischiococcygeus is overcome, 
the head is shunted onto the pubococcygeus segment, 
which is stretched anteroposteriorly and peripherally. 

The perineal body is pushed downward as the head is 
propelled along the axis of the pelvic outlet. The recto- 
vaginal septum fibers are stretched peripherally and 
longitudinally and often torn. As the outlet muscles—the 
bulbocavernosus, ischiocavernosus, transverse perinei, 
and periurethral muscles—are dilated, they are converted 
into a short muscular tube along the axis of the pelvic 
outlet. Finally, as the biparietal diameter of the fetal head 
reaches the transverse diameter of the pelvic outlet, the 
uterovaginal canal is converted into one continuous hia- 
tus. The lateral ligaments of the cervix uteri (endopelvic 
fascia) are flattened peripherally and stretched vertically. 
The vagina is dilated spherically, and the pelvic dia- 
phragm is changed from an oblique to a vertical plane. 


Much of Power’s description was based on his experi- 
ence and conjecture. During the past 15 years, advanced 
imaging and computer modeling have added an improved, 
but by no means complete, understanding of the changes 
that occur after labor and delivery (Fig 16.2). 


Fetal spine 


Maternal spine 


FIGURE 16.2 Sagittal magnetic resonance image of maternal pelvis 
during stage two of labor. (Reprinted with permission from Bamberg C, 
Rademacher G, Guittler F, et al. Human birth observed in real-time open 
magnetic resonance imaging. Am | Obstet Gynecol. 2012; 206:505. 
el-e6.) 


Muscular Injury 


Lien et al. (2004) used sophisticated imaging and engineer- 
ing techniques to develop a biomechanical model to describe 
changes in levator ani muscles as the fetal head descends 
through the vagina (Fig. 16.3). The medial pubococcygeus 
muscle reached an impressive stretch ratio (defined as tissue 
length under stretch/original tissue length) of 3.26. Accord- 
ing to the authors, this exceeds the greatest stretch ratio 
(1.5) seen in passive striated muscle of nonpregnant women 
by 217%. Increasing the fetal head diameter by 9% increased 
medial pubococcygeus stretch by the same proportion. This 
model suggests that the medial muscles of the levator ani 
complex have the greatest risk for injury of all the levator ani 
muscles during the second stage of labor. This supposition 
is supported by magnetic resonance imaging (Fig. 16.4) and 
three-dimensional/four-dimensional ultrasound (Fig. 16.5) 
studies that reveal abnormalities in this area in 20% to 36% of 
primiparous women after vaginal delivery (DeLancey et al., 
2003; Dietz and Lanzarone, 2005). 

This evidence, including the observations so well made 
by Power, is not a surprising consequence of pregnancy and 
delivery. But why do some women go on to have prolapse or 
incontinence whereas others are asymptomatic? It has been 
demonstrated recently that women with PFDs are more 
likely to have the levator ani injuries shown to be acquired 
after delivery—certainly a very strong piece of evidence 
against injuring this vital structure (Delancey et al., 2007; 
Dietz, 2007). 

Some of the answers about why some women develop 
PFDs and others do not may be also provided by lessons 
learned from rodent knockout models. Several investigators 
have demonstrated that certain strains of mice are defi- 
cient in proteins responsible for collagen and elastin syn- 
thesis and homeostasis. Some of these strains will develop 
prolapse spontaneously, such as in the fibulin-5 knockout 
mouse (Wieslander et al., 2006). However, others, such 
as the LOXL-1 knockout mouse (Liu et al., 2006), often 
require a traumatic instigating event such as vaginal deliv- 
ery to demonstrate the phenotype of prolapse. A defect in 
connective tissue homeostasis can worsen tissue damage 
that results from injury sustained during delivery resulting 
from an inability to repair postpartum. The requirement for 
effective repair and regeneration is likely applicable to the 
muscular and nervous system injuries that follow pregnancy 
and delivery, which generate a significant amount of interest 
in using stem cells to aid in that regeneration (Pathi et al., 


2012; White et al., 2010). 


Injury to Urinary Tract during Delivery 


Injury to the urethra or bladder trigone from prolonged, 
obstructed labor or difficult operative deliveries is rare in 
the developed world, but is still quite common in sub-Saha- 
ran Africa, where it remains a scourge. On the other hand, 
the dramatic increase in the United States in cesarean deliv- 
eries from 5% to greater than 30% during the past 30 years 
has increased the rates of bladder dome and ureteral injury. 
The reported prevalence of injury to the bladder is 0.19% of 
primary and 0.6% of repeat cesarean deliveries. Most blad- 
der injuries are associated with postsurgical (cesarean) adhe- 
sions between the bladder and the lower uterine segment. 
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The risk of bladder injury is increased among patients with 
four or more uterine incisions (1.5%) and cesarean hyster- 
ectomy (1.7%). 

Ureteral injury occurs in 0.09% to 0.6% of cesar- 
ean operations and usually occurs in association with late 
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FIGURE 16.3 Simulated effect of fetal head descent on the levator ani 
muscles during the second stage of labor. (Top, left) A left lateral view 
shows the fetal head (round) located posteriorly and inferiorly to the 
pubic symphysis (PS) in front of the sacrum (S). The sequence of five 
images at left show the fetal head as it descends 1.1, 2.9, 4.7, 7.9, and 
9.9 cm below the ischial spines as the head passes along the curve of 
Carus (indicated by the transparent, gray, curved tube). The sequence 
of five images at right are front left, three-quarter views correspond- 
ing to those shown at left. (Courtesy, Biomechanics Research Lab, Uni- 
versity of Michigan, Ann Arbor, MI. Reprinted with permission from Lien 
K, Mooney B, DeLancey JO, Ashton-Miller JA. Levator ani muscle stretch 
induced by simulated vaginal birth. Obstet Gynecol 2004; 103:31.) 
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Axial A 


Axial and coronal images of a 38-year-old incontinent primiparous woman. The area where the pubovisceral portion of the leva- 
tor ani muscle is missing (open arrowhead) between the urethra (U), vagina (V), rectum (R), and obturator internus muscle (Ol) is shown. The 
vagina protrudes laterally into the defects to lie close to the obturator internus muscle. A, arcuate pubic ligament. (Reprinted with permission 
from DeLancey JO, Kearney R, Chou Q, et al. The appearance of levator ani muscle abnormalities in magnetic resonance images after vaginal delivery. 


Obstet Gynecol. 2003; 101:46.) 


second-stage dystocia; deep uterine, cervical, or vaginal lac- 
erations; or cesarean hysterectomy. Two-thirds of urinary 
tract injuries are identified at the time of surgery. The tech- 
nique and management of bladder and ureteral injury repair 
are described in Chapter 29. 


Postpartum Urinary Retention 


Postpartum urinary retention occurs in 1.5% to 14% (Yip 
et al., 2004) of deliveries, depending on the definition. Risk 
factors include nulliparity, long labor, operative vaginal deliv- 
ery, and the use of regional anesthesia (Yip et al., 2005). 


a eX 


FIGURE 16.5 Axial-rendered volume representation of the puborectalisoubococcygeus complex on three-dimensional pelvic floor ultrasound 
at 38 weeks of gestation (A) and 4 months postpartum (B). Both images were obtained on Valsalva maneuver. The arrows indicate a bilateral 
avulsion injury, which was associated with markedly increased pelvic organ descent. (Reprinted with permission from Dietz HP, Lanzarone V. 


Levator trauma after vaginal delivery. Obstet Gynecol. 2005;106:707) 


The inability to void spontaneously within 6 h after delivery 
deserves careful attention, such as considering an indwell- 
ing catheter or intermittent catheterization for 12 to 48 h. 
However, the question regarding whether to screen for ele- 
vated postvoid residuals after delivery remains unanswered, 
in part because of the challenges of defining abnormal resid- 
ual volumes (50-200 mL) and determining a lasting effect 
in women who void spontaneously, but incompletely, during 
the early postpartum period. 


Injury to Anal Canal 


No documented cases are known of sonographically 
detected anal sphincter disruption following cesarean deliv- 
ery. However, cesarean delivery after labor onset is not 
entirely protective against postpartum fecal incontinence 
resulting from some other mechanism, potentially pelvic 
nerve injury. 

Injury to the anal sphincter during childbirth likely 
occurs either as a result of direct disruption of the muscles 
or because of injury to the pudendal nerves. The quoted 
incidence of sphincter laceration noted at the time of vagi- 
nal delivery ranges from 1% to 24%. The average incidence 
ranges from 6.5% (0.4%-23.9%) in women with midline 
episiotomy, 1.3% (0.5%-2.0%) in women with mediolat- 
eral episiotomy, and 1.4% (0%-6.4%) in women without 
episiotomy. 

Because the perineal body anchors not only the super- 
ficial perineal space, but also the deeper perineal space 
and the anorectum itself (Woodman and Graney, 2002), 
it also serves as a barrier between the vagina and rectum. 
Perineal body length has been reported to be approximately 
3.8 cm—4.6 cm during the third trimester (Dua et al., 2009; 
Rizk and Thomas 2000), and was demonstrated by O’Boyle 
that the length of the perineal body may actually change 
between early and late pregnancy in an adaptive manner 
(O’Boyle et al., 2002). Confirming the logical supposition, 
shorter perineal body length has been shown to be asso- 
ciated with greater risk of anal sphincter injury at vaginal 


delivery, with one group demonstrating a 10-fold greater 
risk when the perineal length decreased to less than 2.5 cm 
(Deering et al., 2004). 

Methods of reducing the incidence of perineal body 
trauma have included supporting the perineum manually 
during vaginal delivery as well as perineal massage. In a 
Cochrane Review, regular antenatal perineal massage was 
shown to be an effective intervention, reducing the likeli- 
hood of perineal laceration or episiotomy by 10% (Beck- 
mann and Stock, 2013). There has not been a similar 
benefit shown for any of the PFDs (Beckmann and Garrett, 
2006). In a German randomized trial at four centers, inves- 
tigators used an inflatable silicone balloon connected to a 
hand pump called the EPI-No birth trainer, and found a sig- 
nificant increase in an intact perineum (37.4% versus 25.7%; 
P = 0.05) (Ruckhaberle et al., 2009). 

The plight of the perineal body, and its relationship not 
only to the anal sphincter but also to the levator ani complex 
has been questioned recently. The untested theory is that the 
perineal body is a “fusible link” and it undergoes preferential 
stretching (and/or tearing) that protects against the extreme 
stretching believed to occur in the other pelvic floor constitu- 
ents, such as the levator ani attachments to the pubic bone 
(Ashton-Miller and Delancey, 2009). In a potentially relevant 
study germane to that question, nulliparous women were 
randomized to use the EPI-No birth trainer or not. Although 
the intervention showed a 50% decrease in sonographically 
detected levator ani avulsions, the result was not statistically 
significant because the proportions of levator trauma were 6% 
versus 13% (P = 0.19), rendering the sample size with too lit- 
tle power to demonstrate the difference (Shek et al., 2011). 

Endoanal ultrasound performed during the first months 
postpartum reveals that as many as 35% of primiparous 
women and up to 44% of multiparous women have evidence 
of sphincter disruption. Other anal function studies, such 
as anorectal manometry and anorectal sensation testing, 
have also demonstrated that vaginal delivery has an effect 
on anal function. Chaliha et al. (2001) showed that, com- 
pared with before delivery, vaginal delivery was associated 
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Table 16.4 Predictors of Anal Sphincter 


Disruption after Vaginal Delivery 


Risk Factors Adjusted Odds Ratios* 


Midline episiotomy 4.9-16.5 
Nulliparity 2.5-4.0 
Operative delivery 2.5-3.5 
Birth weight 24000 g 1.5-2.5 
Occipitoposterior presentation 1.2-1.8 


*Numbers represent the minimum and maximum adjusted odds ratios 
reported in the medical literature. 


with decreased anal squeeze pressures and resting pres- 
sures, whereas no change in anal sensation was noted. Risk 
factors for both overt and occult sphincter injuries include 
forceps, prolonged second stage, large birth weight, mid- 
line episiotomy, and occipitoposterior positions. Table 16.4 
describes the typical adjusted odds ratios for predictors of 
anal sphincter disruption on multivariate analyses. In addi- 
tion, Richter et al. (2002) reported that vaginal birth after 
cesarean delivery was an independent risk factor for anal 
sphincter disruption compared with previous vaginal deliv- 
ery (RR, 5.46; 95% CI, 3.69-8.08), after adjusting for pri- 
miparity, birth weight greater than 4000 g, forceps delivery, 
vacuum delivery, shoulder dystocia, and episiotomy. 

Randomized trials have also supported the association 
between episiotomy and anal sphincter disruption. Harrison 
et al. (1984) randomized 181 primigravid women to routine 
mediolateral episiotomy or to restricted use of mediolateral 
episiotomy. The episiotomy group sustained rectal injury in 
5 of 89 cases (5.6%) compared with no cases of rectal injury 
in the restricted group. Sleep et al. (1984) randomized 
1000 women to liberal use of mediolateral episiotomy (51% 
of patients) or restricted mediolateral episiotomy (10% of 
patients). A liberal policy toward episiotomy resulted in sig- 
nificantly more maternal vaginal trauma and more suturing. 

The association between operative delivery and peri- 
neal trauma has also been studied in a randomized fashion. 
Yancey et al. (1991) randomly assigned uncomplicated 
term gestations at 2+ station in occipitoanterior position to 
routine outlet forceps or to spontaneous delivery. Among 
patients delivered by outlet forceps, the incidence of third- 
or fourth-degree lacerations was 30 of 165 (18%) versus 12 
of 168 (7%) in women who delivered spontaneously. Mid- 
line episiotomy and outlet forceps were the only factors 
associated significantly with rectal trauma on multivariate 
analysis. 

Incidentally, defects that appear to be traumatic sphinc- 
ter injuries on ultrasound may not always be the case. 
Three-dimensional imaging and anatomic studies combined 
with magnetic resonance imaging have shown that both the 
female and male anal sphincters have a variable natural gap 
occurring along its anterior length. The natural gap seen on 
ultrasound can be distinguished from a traumatic one by its 
anterior uniform hypoechogenicity, smooth and uniform 
edges, and symmetry. 


Neurologic Injury 


Earlier studies have suggested that labor and childbirth, but 
not pregnancy, are major risk factors for neurologic injury. 


For example, in a study by Sultan et al. (1994), the pudendal 
nerve terminal motor latency (PNTML) was not increased 
in pregnant nonlaboring women compared with nonpregnant 
women. However, after vaginal delivery, Snooks et al. (1986) 
found that 42% of women had a prolonged PNTML, but 
this eventually recovered in most women by 2 months post- 
partum. Single-fiber electromyography (EMG) of the anal 
sphincter revealed an increased fiber density 2 months post- 
partum. These findings were most striking in multiparous 
women (suggesting a cumulative effect of vaginal delivery on 
the pelvic floor) and women delivered by forceps. No changes 
in these parameters were seen in women who had delivered 
by cesarean section. Five years after delivery, Snooks et al. 
(1990) reported there was manometric and neurophysiologic 
evidence of weakness because of partial denervation of the 
pelvic floor striated sphincter musculature, with pudendal 
neuropathy, which was more marked in those women with 
incontinence. In a prospective study by Allen et al. (1990), 
concentric-needle EMG was performed on the levator ani 
before delivery as well as 2 and 5 days after delivery. After 
vaginal delivery, the duration of the motor unit potential was 
increased, consistent with nerve damage. Eighty percent 
of the women showed evidence of denervation with sub- 
sequent reinnervation after vaginal delivery. After elective 
cesarean delivery, however, the motor unit potentials were 
unchanged. In a more recent study, 12 weeks after a first 
routine vaginal delivery, quantitative EMG parameters of the 
external anal sphincter demonstrated evidence of denerva- 
tion/reinnervation for the inferior hemorrhoidal (pudendal) 
nerve; however, those undergoing cesarean delivery were not 
evaluated (Gregory et al., 2004). 

Some investigations are questioning whether cesarean 
delivery is truly protective. Investigators have found the 
PNTML to be prolonged after a cesarean delivery performed 
in late labor (cervical dilation, 8 cm or greater), but not in 
women delivered by cesarean before they reached 8 cm dila- 
tion (Fynes et al., 1998; Allen et al., 1990). More recently, 
though, South et al., (2009) demonstrated that 30% of pre- 
viously nulliparous women demonstrated EMG evidence of 
denervation of the levator ani muscles 6 weeks after deliv- 
ery, including those who underwent cesarean delivery. 


Impact of Childbirth on Specific PFDs 


As outlined earlier, significant anatomic and physiologic 
changes occur as a result of pregnancy and delivery. Most of 
these findings have been made in the belief they are related 
to the onset of PFDs, either immediately after delivery or 
years after. In the following sections, we highlight some 
of the evidence about how childbirth, and the method of 
childbirth, affect the risk of developing signs or symptoms 
of these disorders. 


Urinary Incontinence 


In the large, community-based 2005 to 2006 National 
Health and Nutrition Examination Survey, 1961 women 
reported PFDs; 6.5% of nulliparous women had urinary 
incontinence, but nearly 24% of women who had delivered 
more than three children leaked. There was a clear posi- 
tive relationship between parity and increased prevalence 
of urinary incontinence. Nulligravid pregnant women leak 


more often than their nonpregnant, nulliparous counter- 
parts. Indeed, numerous cross-sectional studies reveal that 
25% to 75% of women report symptoms of stress urinary 
incontinence (SUI) during pregnancy. In one of the few 
prospective studies with long-term follow-up, Viktrup et al. 
(1992) found that 32% of 305 primiparas developed SUI 
during pregnancy and 7% after delivery. By 1 year postpar- 
tum, only 3% had SUI. However, in a subsequent follow-up 
of the same women 5 years later, Viktrup and Lose (2001) 
reported that 19% of women with no symptoms after the 
first delivery had SUI; of women with SUI at 3 months 
after delivery (most cases of which had resolved by 1 year), 
92% had SUI 5 years later. In a prospective cohort study 
of 523 women, Burgio et al. (2003) reported that 13% 
reported urinary incontinence at 12 months postpartum. 
This rate was similar to that at 3 months postpartum, but 
for most women the severity and frequency of leakage were 
less 12 months later. Antepartum incontinence strongly pre- 
dicted postpartum incontinence. 

Thus, it appears that the symptom of SUI occurs as a 
natural consequence of pregnancy and delivery, and gen- 
erally resolves or declines afterward in severity. Transient 
postpartum incontinence, however, may be a marker for 
future persistent incontinence. 

Whether pregnancy itself or vaginal delivery is the risk 
factor for developing urinary incontinence in the majority 
of women is still unclear. Particularly in younger women, 
vaginal delivery roughly doubles a woman’s chance of expe- 
riencing urinary incontinence, after adjusting for other 
potential causes. Occasional urinary incontinence is com- 
mon but often not bothersome; therefore, it may be more 
appropriate to examine the impact of vaginal delivery on 
more clinically significant leakage. In a large Norwegian 
population-based study, Rortveit et al. (2003) found that 
women who delivered vaginally had a 2.2-fold greater risk 
of moderate or severe urinary incontinence compared with 
those who delivered solely by cesarean (after adjusting for 
other risk factors). They concluded that a woman’s risk 
of moderate or severe incontinence would be decreased, 
from about 10% to about 5%, if all her children were deliv- 
ered via cesarean. In a cross-sectional survey of women 5 
to 10 years out from a first delivery, Handa et al. (2011) 
reported that 7% of women who had cesarean deliveries 
were incontinent, whereas 14% of those who delivered 
vaginally only were incontinent. In a prospective cohort 
study by Yip et al. (2003), in which women were moni- 
tored for 4 years after their first vaginal delivery, the rates 
of SUI (defined as two or more episodes of incontinence 
occurring in the past month) were 21.1% in those with 
and 28.6% in those without a subsequent delivery. Thus, 
one interval delivery did not increase the short-term risk 
of SUI. 

Although most studies do demonstrate a link between 
vaginal delivery and urinary incontinence in younger women, 
two facts warrant attention because they help to put the 
debate of the role of “prophylactic” cesarean deliveries into 
perspective. First, in these studies, some women who deliv- 
ered solely via cesarean also had moderate or severe incon- 
tinence. Second, the protective effect of cesarean delivery 
and nulliparity on urinary incontinence dissipates by age 50 
to 60, such that older women have the same rate of urinary 
incontinence regardless of their delivery status. 
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Conflicting evidence exists about the role of other 
obstetric variables (besides vaginal delivery) on the develop- 
ment of SUI. Although some studies reported more SUI 
with prolonged second stage, increased head circumference, 
increased birth weight, epidural anesthesia, and oxytocin 
use, others did not. In prospective randomized trials, epi- 
siotomy did not protect women from developing SUI after 
delivery. Episiotomy also does not seem to affect PNTML, 
urethral closure pressure, or pelvic muscle strength. 

Only one randomized trial has assessed the difference 
in pelvic floor symptoms after planned elective cesarean 
delivery or planned vaginal birth: the Term Breech Trial, 
conducted by Hannah et al. (2002). Questionnaires were 
completed 3 months postpartum by 1596 women from 
110 centers around the world. Although the conclusions 
are limited by the large number of women in the planned 
vaginal birth group who, instead, delivered by cesarean, the 
short-term results are of interest. Women in the planned 
cesarean delivery group reported less urinary incontinence 
than those in the planned vaginal birth group (4.5% versus 
7.3%; RR, 0.62; 95% CI, 0.41-0.93). Other outcomes did 
not differ. The lower rate of incontinence in this study, 
compared with others that assessed postpartum urinary 
incontinence, may be because women were queried about 
urinary incontinence symptoms only during the week 
before taking the questionnaire. In addition, women from 
different countries may interpret symptom questionnaires 
differently. 


Fecal Incontinence 


In large, prospective cohort studies of pregnant or newly 
postpartum women, incontinence to both flatus and stool 
ranged from 6% to 25%. Vaginal delivery by forceps and, 
in some cases, vacuum delivery increased the odds of post- 
partum fecal incontinence. As discussed previously, midline 
episiotomy is highly associated with sphincter injury but 
does not appear, in most studies, to be an independent risk 
factor for fecal incontinence. Studies assessing the preva- 
lence of fecal incontinence at various postpartum intervals 
in women with known sphincter tears reveal prevalence of 
incontinence of flatus of 17% to 59% and incontinence to 
liquid and solid stool of 3% to 27%. 

Few studies have been designed to examine the differ- 
ence in fecal incontinence after cesarean versus vaginal 
delivery, and the studies have contradictory findings. In a 
prospective study by Fynes et al. (1998), of 234 women 
attending a hospital antepartum clinic in Dublin, none of 
the 34 women who had a cesarean section reported fecal 
incontinence. Similarly, Abramowitz et al. (2000) reported 
that of 259 women who delivered consecutively at a sin- 
gle hospital, none of the 31 who delivered by cesarean 
reported fecal incontinence compared with 13% of pri- 
miparous women who delivered vaginally. In a large pro- 
spective study by Chaliha et al. (1999), of 549 nulliparous 
pregnant women, a greater proportion of women reported 
fecal urgency after vaginal delivery than after cesarean 
(7.3% versus 3.1%, respectively). In the Childbirth and 
Pelvic Symptoms study completed by the Pelvic Floor 
Disorders Network in 2006, 17% of women who had sus- 
tained a sphincter tear had fecal incontinence versus 8% of 
those who had a vaginal delivery without obvious sphincter 
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involvement (Borello-France et al., 2006). Interestingly, 
in the cohort of women who had a cesarean delivery, the 
rate of fecal incontinence was no different than the vagi- 
nal delivery group, suggesting that cesarean delivery is not 
fully protective for the symptom of fecal incontinence, 
even if sphincter injury is spared. 

The impact of delivery type on fecal incontinence appears 
to decline with age. In a retrospective study by Nygaard 
et al. (1997), the reported prevalence of fecal incontinence 
30 years after delivery was similar, regardless of delivery 
type. Most studies have not examined separately the effect 
of a third-degree versus a fourth-degree laceration on future 
bowel control. In a retrospective, single-site study by Fenner 
et al. (2003), 831 women (29% response rate) completed a 
bowel questionnaire 6 months after their first delivery. The 
incidence of worse bowel control than before pregnancy was 
nearly 10 times greater in women with fourth-degree lac- 
erations (30.8%) compared with women with third-degree 
lacerations (3.6%). Although this difference may be the 
result of increased participation from women with more 
symptoms, it is also possible that the greater incidence of 
fecal incontinence associated with fourth-degree lacerations 
may be the result of the loss of some of the internal anal 
sphincter muscle. Further study is needed on the role of the 
internal anal sphincter in continence, and the best methods 
of repairing this muscle at the time of rupture. 

Although some degree of fecal incontinence after sphinc- 
ter disruption is likely related to impaired neurologic con- 
trol of continence, separation of the repaired muscles may 
also play a role. Fitzpatrick et al. (2000) examined 154 
women 3 months after primary repair of an anal sphincter 
disruption. One-third had ultrasound evidence of a persis- 
tent, large (larger than one quadrant) anal sphincter defect; 
this was not influenced by whether the repair was done in 
an end-to-end manner or an overlapping fashion. 


Pelvic Organ Prolapse (POP) 


Pelvic organ support defects appear to occur during preg- 
nancy but before delivery. O’Boyle et al. (2002) found that 
nulligravid pregnant women were more likely to have POP 
than their nulliparous counterparts. 


Parity increases the risk for both POP and surgery for 
POP. In women participating in the Women’s Health Ini- 
tiative, those who had borne at least one child were twice 
as likely to have uterine prolapse, rectocele, and cystocele 
as nulliparous women, after adjusting for age, ethnicity, 
body mass index, and other factors. Similarly, in a study of 
487 Swedish women, Samuelsson et al. (1999) reported 
that 31% had some degree of POP on examination; parity 
and age increased the risk of POP, after adjusting for other 
variables. 

In a British cohort study conducted by Mant et al. 
(1997) of 17,000 women, parity was the variable related 
most strongly to surgery for POP. The risk increased with 
each child, but the rate of increase declined after women 
were delivered of two children. In a case-control study, 
Rinne and Kirkinen (1999) found that women younger than 
45 years who underwent surgery for POP had more deliv- 
eries and heavier babies than age-matched control subjects 
operated for benign ovarian tumors. 

In a more recent cohort study out of Johns Hopkins in 
which PFDs were compared with route of delivery, Handa 
et al. (2011) demonstrated in women who were a median 
of 7.4 years out from birth that 13% of the women who had 
spontaneous deliveries had prolapse on examination, but 
that only 3% of those same women had symptoms of pro- 
lapse on validated questionnaires. Table 16.5 shows more of 
the data for prolapse and other PFDs. 


The Debate about Elective Primary 
Cesarean Delivery 


No chapter about the effect of childbirth on PFDs is com- 
plete without mention of the ongoing debate about the 
role of elective primary cesarean delivery. Certainly, most 
serious are concerns about greater mortality associated 
with cesarean delivery. It is difficult to tease out morbidity 
and mortality related to an elective cesarean delivery done 
before labor versus that done not only after active labor, but 
also because of pregnancy complications that increase mor- 
bidity. Perhaps more important, minimal information exists 
that allows us to judge risk for a woman’s entire reproduc- 
tive career; the information that does exist suggests strongly 


Table 16.5 Odds of Pelvic Floor Disorders 5-10 years from First Delivery 


All Cesarean Births 


All Births Cesarean before Complete 


At Least One 
Cesarean Delivery 
after Complete 
Cervical Dilation 


No Operative At Least One 


Pelvic Floor before Active Labor Cervical Dilation 

Disorder (n= 192) (n = 228) 

Stress 1 (Reference) 0.88 (0.4-1.9) 
incontinence 

Overactive 1 (Reference) 0.74 (0.32-1.73) 
bladder 

Anal 1 (Reference) 1.12 (0.55-2.29) 


incontinence 
POP symptom 
POP at or beyond 
hymen 


1 (Reference) 
1 (Reference) 


POP, pelvic organ prolapse. 
Adapted from Handa VL, Blomquist JL, Knoepp LR, Hoskey KA, McDermott KC, Munoz A. Pelvic floor disorders 5-10 years after vaginal or cesarean childbirth. 
Obstet Gynecol. 2011;118777. 


0.72 (0.12-4.42) 
0.53 (0.13-2.27) 


(n= 140) 
1.30 (0.57-2.95) 


1.17 (0.47-2.91) 


1.48 (0.70-3.11) 


0.99 (0.16-6.13) 
0.73 (0.17-3.13) 


Vaginal Births 
(n = 325) 


2.87 (1.49-5.52) 
1.66 (0.80-3.48) 
1.62 (0.85-3.10) 


2.80 (0.73-10.81) 
5.64 (2.16-14.70) 


Operative Vaginal 
Birth (n = 126) 


4.45 (2.14-9.27) 
4.89 (2.23-10.74) 
2.22 (1.06-4.64) 


6.83 (1.68-27.80) 
7.50 (2.70-20.87) 


that severe complications increase dramatically after two 
cesarean deliveries. 

Those in favor of a policy of primary elective cesarean 
support their decision with factors such as patient auton- 
omy; concern over long-term adverse outcomes thought 
to be associated with vaginal delivery, particularly PFDs; 
avoidance of the greater morbidity associated with cesarean 
delivery after the onset of labor; prevention of stillbirths 
that occur after 39 weeks by delivering preemptively via 
cesarean instead; and a decrease in the incidence of trau- 
matic birth injuries in neonates. 

Conversely, those opposed to allowing women a deliv- 
ery choice cite the increased short-term morbidity, greater 
maternal mortality rate, greater neonatal respiratory com- 
plications, adverse effects on future pregnancies (in terms of 
both fertility and subsequent complications from repeated 
cesarean deliveries), greater cost associated with cesarean 
delivery, and dubious morality involved in turning a “natu- 
ral” event into an invasive operation. 

Since the last edition of this textbook was published, an 
National Institutes of Health State of the Science Conference 
brought experts and interested parties together to discuss 
the question of cesarean on maternal request, and its effect 
on neonatal and maternal outcomes, including the potential 
effect on the acquisition of PFDs. In summary, only urinary 
incontinence had “weak” evidence that supported the elec- 
tive cesarean (over planned vaginal delivery). However, the 
duration of the effect was uncertain, and seemed to decrease 
over time, diminishing the potential benefit. There was not 
enough evidence to clarify for fecal incontinence or POP. In 
addition, even in those studies in which PFDs were demon- 
strated to be less frequent after cesarean only, the incidence 
was not zero, suggesting that perhaps pregnancy itself contrib- 
utes to the pathophysiologic process that leads to these disor- 
ders. Although a randomized trial would provide the highest 
level of evidence for this particular question, it is possible that 
longitudinal natural history studies that include relevant data 
about PFDs could eventually provide missing data, especially 
given that the cesarean rate, as of this edition, is well over 
30% in the United States, and even higher in other countries. 


Fistulas 


Vesicovaginal fistulas and rectovaginal fistulas are complica- 
tions that can arise after difficult deliveries. The majority of 
obstetric vesicovaginal fistulas occur in the developing world 
as a result of obstetric labor, but can also occur after vaginal 
as well as cesarean deliveries (in particular, difficult repeat 
cesarean deliveries) in the developed world. Rectovaginal 
fistulas are seen most commonly after an obstetric injury, 
generally when anal sphincter disruption has occurred, as 
in a third- or fourth-degree laceration. These are extremely 
important problems that require significant attention from 
the pelvic surgeon. Chapter 33 is dedicated to rectovagi- 
nal fistulas and perineal breakdown; Chapter 41 discusses 
lower urinary tract fistulas. 


Conclusion 


Childbirth increases the risk of PFDs in young and mid- 
dle-age women. In most studies, vaginal delivery increases 
this risk more than cesarean delivery. Fistulas are the most 
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obvious, extreme example of the trauma to the pelvic floor. 
However, nulliparous women also develop PFDs, although 
not at as high a rate as parous women. Furthermore, most 
parous women do not have surgery for PFDs. Both urinary 
and fecal incontinence increase with age; indeed, studies of 
older nulliparous women find the same or greater rates of 
these disorders, as do studies of younger parous women. 
The fact that older women have high rates of urinary and 
fecal incontinence does not, however, mean that childbirth 
is not one of the causes of these disorders, but that, in 
older women, other factors (such as functional impairment, 
medical problems, and even age itself) assume much greater 
importance, thereby minimizing the role of childbirth. In 
younger and middle-age women, parity and vaginal delivery 
remain important risk factors for PFDs. Additional research 
is needed to identify the group of women most at risk for 
PFDs so that preventive efforts may be studied. 
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Introduction 


Recent research advances have contributed to clinical prac- 
tice approaches to the nonsurgical management of stress 
urinary incontinence (SUI), and to a lesser extent pelvic 
organ prolapse (POP). Most patients are not aware of the 
existence of nonsurgical treatments for incontinence and 
prolapse, and they are often relieved that treatment options 
other than surgery are available. Behavioral treatment, the 
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current “gold standard” conservative approach for SUI, 
improves bladder control by changing the incontinent 
patient's behavior, including learning skills for prevent- 
ing urine loss. Multicomponent behavioral interventions 
include pelvic floor muscle training and exercise, bio- 
feedback, bladder inhibition, and bladder training. As 
part of the first-line treatment, estrogen optimizes uro- 
genital tissue health and relieves some lower urinary tract 
symptoms. Although no Food and Drug Administration 
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(FDA)-approved medications exist in the United States for 
the treatment of SUI, certain medications, including dulox- 
etine, may offer effective treatment for mild-to-moderate 
stress incontinence. Pessaries stabilize the proximal urethra 
and urethral inserts increase urethral pressure. Pessaries 
also provide support for symptomatic POP. Such devices 
provide valuable alternatives to surgery. 

This chapter describes the full range of nonsurgical 
options for the treatment of SUI and POP, allowing us 
to offer a broad spectrum of less invasive treatment 
options in an individualized manner. Optimal behavioral 
therapy for urinary incontinence depends on several fac- 
tors, including the type and severity of incontinence; 
the presence of associated conditions, such as prolapse 
or other abdominal pelvic pathology; prior surgical or 
nonsurgical therapy; the patient's medical status; and 
the patient's ability and willingness to actively partici- 
pate with treatment. Similarly, nonsurgical therapy for 
prolapse may be used in those women with significant 
medical comorbidities that preclude them from having 
surgery, those who do not wish to undergo surgical ther- 
apy, or those who want a temporizing measure before 
surgical intervention. 
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The Bladder Diary: A Valuable 
Clinical Tool 


Before initiating nonsurgical treatment for incontinence, it is 
advisable to have the patient complete a bladder diary for 
5 to 7 days. At a minimum, the patient should record the 
time, volume, and circumstances of each incontinent episode 
(Fig. 17.1: sample bladder diary). The bladder diary assists 
the clinician in determining the type and severity of urine 
loss and in planning appropriate intervention. Using the diary, 
the circumstances of incontinence can be reviewed with the 
patient and instructions can be given that are specific to the 
patient's situation. During treatment, the number of incon- 
tinent episodes can be monitored to determine the efficacy 
of treatment and to guide further intervention. It is useful to 
ask the patient to record the times she urinates during the 
day and night. This information can identify women who may 
benefit from more frequent urination to avoid a full bladder, 
especially during physical activity. It may also reveal cases in 
which voiding frequency is excessive and may be contributing 
to reduced bladder capacity and urgency. These women may 
be targeted for interventions, such as bladder training, that 
focus on increasing voiding intervals and bladder capacity. 


BLADDER DIARY 


Name 


Date 


Urinated Small Large Reason for 
in toilet accident accident accident 


Time up for the day: 


# of pads used today: 


Comments: 


Time to bed for the night: 


Number of accidents: 


FIGURE 17.1 Sample bladder diary. 
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Although more burdensome, it is also suggested that 
women record voided volumes for a 24 h period. This 
record can identify patients with abnormal urine produc- 
tion, especially those with increased nighttime urine pro- 
duction resulting in nocturia. 

In addition to the value of the bladder diary to the clini- 
cian, completing a daily diary appears to benefit the patient 
directly. As a form of self-monitoring, it enhances the 
patient's awareness of her voiding habits and incontinence 
patterns, and it facilitates her recognition of the relationship 
between her activities and incontinence. Specifically, under- 
standing clearly the precipitants of urine leakage optimizes 
the patient's readiness to implement the continence skills 
she learns through behavioral treatment. 


Behavioral Intervention: Pelvic Floor 
Muscle Training and Exercise 


Pelvic muscle training and exercise is the foundation of 
behavioral treatment for SUI and may be beneficial for the 
treatment and prevention of POP (Moore et al., 2013; Hagen 
and Stark, 2011). It was first popularized by gynecologist 
Arnold Kegel in the late 1940s. He asserted that women 
with stress incontinence lack awareness and coordination of 
the pelvic floor muscles and that stress incontinence could 
be resolved with pelvic floor muscle training (Kegel 1948, 
1956). Through the years, this intervention has evolved 
both as a behavioral therapy and a physical therapy, com- 
bining principles from both fields into a widely accepted 
conservative treatment for stress and urge incontinence. 

Literature on outpatient behavioral treatment with pel- 
vic floor muscle training and exercise has demonstrated 
that it is effective for reducing stress, urge, and mixed 
incontinence in most patients who cooperate with train- 
ing. Behavioral treatments have been recognized for their 
efficacy by multiple organizations and panels, including the 
International Consultation on Incontinence and the Ameri- 
can Urological Association Guideline on Overactive Bladder 
(NIH, 1989; Fantl et al., 1996; Hartman et al., 2009; Moore 
et al., 2013; Gormley et al., 2012). Although the major- 
ity of women are not cured with this approach, most can 
achieve significant improvement. 


Teaching Pelvic Floor Muscle Control 


The goal of behavioral intervention for incontinence is to 
teach patients how to improve urethral closure by contract- 
ing pelvic muscles during physical activities that cause urine 
leakage, such as coughing, sneezing, or lifting, and when 
they experience urgency. The premise is that deliberate 
muscle contraction will increase intraurethral pressure and 
prevent urine loss caused by the brief rise in bladder pres- 
sure. Using biofeedback or other teaching methods, patients 
are taught to identify the pelvic muscles and to contract and 
relax them selectively (without increasing intra-abdominal 
pressure). 

Many women fail pelvic muscle exercise by religiously 
exercising the wrong muscles. It is an essential yet often 
overlooked step to help women identify and isolate the 
correct muscles. The most common approach to pelvic 
muscle training is to give women a pamphlet or brief ver- 
bal instructions to “lift the pelvic floor” or to interrupt 


the urinary stream during voiding. This approach is gen- 
erally ineffective, most likely because the majority of 
women do not properly identify the pelvic muscles or per- 
sist long enough to reap the benefits of behavioral treat- 
ment. It is more effective to begin treatment by ensuring 
that the patient understands which muscles to use. This 
understanding is often accomplished by palpating the 
vagina during pelvic examination and guiding her with 
verbal feedback to find the proper muscles. Pelvic muscle 
control can also be taught using biofeedback or electrical 
stimulation. 

Biofeedback is a teaching technique that helps patients 
learn by giving them immediate feedback of their bladder 
or pelvic muscle activity. Kegel (1948) introduced a bio- 
feedback device he called the perineometer, consisting of 
a pneumatic chamber that was placed in the vagina and a 
hand-held pressure gauge that registered increased vagi- 
nal pressure generated by pelvic muscle contraction. This 
device provided immediate visual feedback to the woman 
learning to identify her pelvic muscles and monitoring her 
practice. 

Current biofeedback instruments are computerized. 
Pelvic muscle activity can be measured using vaginal or anal 
manometry or electromyography, with a probe or perianal 
surface electrodes. Signals are augmented through a com- 
puter, and muscle activity is displayed on a monitor where 
patients can receive immediate visual or auditory feedback. 
Patients learn better control through operant conditioning 
(learning by trial and error) by observing the results of their 
attempts to control bladder and pelvic muscle responses. 
Biofeedback-assisted behavioral training has been tested 
in several studies, producing mean reductions of inconti- 
nence ranging from 60% to 85%. Patients can usually iden- 
tify their pelvic muscles in a single session; treatment may 
require less repetition of biofeedback than was originally 
thought. 

The most common problem in identifying the pelvic 
muscles is that women tend to contract other muscles, 
typically the abdominal or gluteal muscles, instead of or in 
conjunction with pelvic muscles. Contracting abdominal 
muscles is counterproductive, because it increases pressure 
on the bladder rather than the urethra. Thus, it is important 
to notice this Valsalva response and to teach the patient to 
relax her abdominal muscles. 


Daily Exercise to Improve Strength 
and Control 


Once patients learn to properly contract and relax the 
pelvic muscles selectively, a program of daily exercise is 
prescribed. The purpose of the daily regimen is not only 
to increase muscle strength but also to enhance the skill of 
using the muscles through practice. The optimal exercise 
regimen has yet to be determined; however, good results 
are generally achieved using 45 to 50 exercises per day. To 
avoid muscle fatigue, the exercises should be spaced across 
the day, usually in two to three sessions per day (Box 17.1: 
pelvic muscle exercise patient handout). Patients generally 
find it easiest to practice their exercises in the lying posi- 
tion at first. It is important to encourage them to practice 
sitting or standing as well, so they become comfortable 
using their muscles to avoid urine loss in any position. 
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e Continue to keep your bladder diary. 
e Do 45 pelvic muscle exercises every day. 
e 15 ata time, 3 times per day. 


. Do lying down. 
¢ Do sitting. 
e Do standing. 


e For each exercise squeeze your pelvic muscles as quickly 
and as hard as you can. 
= Hold the squeeze for s. 
* Relax completely between each squeeze for s. 
e Remember to relax all the muscles in your abdomen when 
you do these exercises and continue to breathe normally. 
e Once per day, practice stopping or slowing the stream of 
urine when you void. 


To improve muscle strength, contractions should be sus- 
tained for 2 to 10 s, depending on the patient's initial abil- 
ity. Programs should be individualized (Moore et al., 2013), 
so patients begin by holding contractions for a brief period 
(l-2 s) and gradually progress to 10 s. Each exercise con- 
sists of contracting the muscle for up to 10 s, followed by 
a period of relaxation using a 1:1 or 1:2 ratio. This program 
allows the muscles to recover between contractions. 


Using Muscles to Prevent Stress 
Incontinence: Stress Strategies 


Although exercise alone can improve urethral support and 
continence status, optimal results depend on patients learn- 
ing to use their muscles actively to prevent urine loss dur- 
ing physical exertion. With practice and encouragement, 
patients can develop the habit of consciously contracting 
the pelvic muscles to occlude the urethra before and during 
coughing, sneezing, or other activities causing urine loss. This 
skill has been referred to as the stress strategy, counterbrac- 
ing, and the “Knack.” Some women will benefit simply from 
learning how to control their pelvic floor muscles and use 
them to prevent incontinent episodes (Miller et al., 1998). 
Others will need a more comprehensive program of pelvic 
muscle rehabilitation to increase strength and skill. 


Using Muscles to Prevent Urge Incontinence: 
Urge Suppression Strategies 


Traditionally, pelvic muscle training and exercise was used 
almost exclusively for stress incontinence. However, vol- 
untary pelvic muscle contraction can also inhibit detrusor 
contraction. Therefore, pelvic muscle training is now fre- 
quently used as a component in the behavioral treatment 
of urgency incontinence as well. In addition to using pelvic 
muscles to occlude the urethra, patients learn to use pelvic 
muscle contractions and other urge suppression strategies 
to inhibit bladder contraction. Furthermore, patients are 
taught a new way to respond to the sensation of urgency: 
instead of rushing to the toilet, which increases intra- 
abdominal pressure and exposes patients to visual cues that 
can trigger incontinence, patients are encouraged to pause; 
sit down if possible; relax the entire body; and contract pel- 
vic muscles repeatedly to diminish urgency, inhibit detrusor 


contraction, and prevent urine loss. When urgency subsides, 
they are to proceed to the toilet at a normal pace. 
Behavioral training for urgency incontinence has been 
tested in several clinical series using pre-post designs and 
also in randomized trials. In controlled trials using intention- 
to-treat models, mean reduction of incontinence episodes 


ranges from 60% to 80% (Burgio et al., 1998, 2002). 


Pelvic Floor Muscle Training and Exercise 
for Pelvic Organ Prolapse 


Pelvic floor muscle training has been used for the treat- 
ment of POP. By improving pelvic floor muscle strength, 
it is thought that training can lead to improved structural 
support for pelvic organs. In addition, active contraction of 
pelvic floor muscles can be taught to brace against increases 
in intra-abdominal pressure and thus protect the pelvic floor 
during coughing and sneezing or any activity that increases 
pressure on the pelvic floor. 

There is a small literature on the effectiveness of pel- 
vic floor muscle training for POP, including four random- 
ized trials comparing training with no treatment (Braeckken 
et al., 2010a,b; Ghroubi et al., 2008; Hagen et al., 2009; 
Piya-Anant et al., 2003). The evidence indicates that train- 
ing has a beneficial effect on pelvic floor muscle function, 
prolapse symptom burden, prolapse severity, and quality of 
life (Hagen and Stark, 2011; Moore et al., 2013). 


Adherence and Maintenance 


Pelvic muscle training and exercise requires the active par- 
ticipation of a motivated patient. It is often challenging to 
remember to use muscles strategically in daily life and to 
persist in a regular exercise regimen to maintain strength 
and skill. This reliance on patient behavior change repre- 
sents the major limitation of this treatment approach. In 
addition, improvement with behavioral treatment is grad- 
ual, usually evident by the fourth week of training and con- 
tinuing for up to 6 months. Herein lies the challenge for 
behavioral treatment: sustaining the patient's motivation for 
long enough that she will experience noticeable change in 
her bladder control. 

It is important in initiating behavioral treatment to make 
it clear to the patient that her improvement will be grad- 
ual and will depend on consistent practice and use of her 
new skills. The patient who understands the usual course 
of treatment will be better prepared to persist until results 
are achieved. Clinicians can provide support by schedul- 
ing follow-up appointments to track and reinforce patient 
progress, make adjustments to the exercise regimen, and 
encourage persistence. 

The long-term effectiveness of pelvic floor muscle exer- 
cise in treating incontinence symptoms is still unclear, 
because little work has been done in this area and most 
studies follow patients for only 1 or 2 years. An exception is 
the work of Bo et al. (1999), who demonstrated sustained 
effects at 5 years after training. Other work has shown that 
after 6 years of a postpartum pelvic muscle exercise pro- 
gram, initial improvements in SUI did not persist and incon- 
tinence was similar to that of the control group (Glazener 
et al., 2005). Only half the women were still performing 
the exercises. 
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Electrical Stimulation 


Pelvic floor electrical stimulation (PFES) has been used for 
the treatment of urinary incontinence since 1952 (Huffman 
et al., 1952). In this original study, PFES was added to pelvic 
muscle exercises to treat stress incontinence in women who 
had failed treatment with exercise alone; seven of 17 women 
were cured. Fifteen years later, PFES was reported by Moore 
and Schofield (1967) using a vaginal probe and thereafter 
was more widely used. 

PFES stimulates pudendal nerve afferents, activating 
pudendal and hypogastric nerve efferents, causing contraction 
of smooth and striated periurethral muscles and striated pelvic 
muscles. This stimulation provides a form of passive exercise 
with the goal of improving the urethral closure mechanism. In 
addition, PFES can be useful in teaching pelvic muscle contrac- 
tion to women who cannot identify or contract these muscles 
voluntarily. Stimulation is generally applied via vaginal or anal 
probe for 15 min at a time, one to three times per day. 

Research has demonstrated the efficacy of PFES compared 
with sham PFES (Sand et al., 1995; Yaminishi et al., 1997). 
There is also some evidence that PFES yields results similar 
to that of pelvic muscle training (Hahn et al., 1991), although 
Bo et al. (1999) found pelvic muscle exercise to be superior. 
Several studies have combined PFES with various methods of 
pelvic floor muscle training and exercise, with mixed results 
(Blowman et al., 1991; Sung et al., 2000; Goode et al., 2003). 
Thus, although PFES shows promise in the treatment of stress 
incontinence, the role of electrical stimulation in combination 
with behavioral treatment with pelvic floor muscle training 
and exercise has not been clearly delineated. 


Behavioral Intervention: Bladder Training 


Bladder training is a behavioral intervention developed 
originally for urgency incontinence. The premise of bladder 
training is that the habit of frequent urination can lead to 
reduced bladder capacity and detrusor overactivity that, in 
turn, causes urgency incontinence. The goal of the interven- 
tion is to break this cycle by encouraging patients to resist 
the sensation of urgency and postpone urination. Using con- 
sistent voiding schedules, the patient voids at predetermined 
intervals and, over time, gradually increases the voiding 
interval. This behavior is believed to increase capacity and 
decrease overactivity, resulting in improved bladder control. 

The most definitive randomized trial of bladder train- 
ing was reported by Fantl et al. (1991) and demonstrated 
an average 57% reduction of incontinence in older women. 
Interestingly, the training not only reduced urgency incon- 
tinence but also stress incontinence. The presumed mecha- 
nism for improving stress incontinence is that regular voiding 
helps to avoid situations in which the bladder is full, mak- 
ing the patient less vulnerable to urine loss during physical 
activities. It is also possible that training leads the patient to 
greater awareness of bladder function and that postponing 
urination increases the use of pelvic muscles. 


Bowel Management 


Constipation and fecal impaction have been implicated as 
contributing factors in urinary incontinence. In severe cases, 
fecal impaction can obstruct normal voiding, contribute to 


overflow incontinence, or irritate overactive bladder symp- 
toms already present. Simple disimpaction can alleviate 
symptoms, a practice that is especially common in nursing 
home patients. In outpatients who report that constipa- 
tion aggravates urinary incontinence, it is often beneficial 
to implement a bowel management program, including 
instructions on normal fluid intake and dietary fiber (or sup- 
plements) to maintain normal stool consistency and regular 
bowel movements. When fiber is not enough, enemas can 
be used to stimulate a regular daily bowel movement. 


Weight Loss and Incontinence 


Epidemiologic research has established obesity as a strong, 
independent risk factor for prevalent and incident inconti- 
nence (Subak et al., 2009a; Hunskaar, 2008; Brown et al., 
1996, 1999; Phelan et al., 2012). There is a clear dose- 
response effect: each 5 unit increase in body mass index is 
associated with a 20% to 70% increase in the risk of preva- 
lent incontinence and a 30% to 60% increase in the odds of 
5- to 10-year incident incontinence. Furthermore, interven- 
tion studies show that weight loss has a beneficial effect 
on incontinence (Subak et al., 2009b; Hunskaar, 2008). 
Urinary symptoms significantly improve in morbidly obese 
women with dramatic weight loss (45-50 kg) after bariatric 
surgery (Bump et al., 1992; Deitel et al., 1988; Burgio et al., 
2007) and when women lose as little as 5% of their baseline 
weight with behavioral weight loss programs (Subak et al., 
2002; Subak et al., 2005), a reasonable goal for many over- 
weight or obese women. 

The most definitive study is a randomized controlled trial 
in which overweight and obese women with incontinence 
were given a self-administered behavioral program and 
randomized to a 6 month behavioral weight loss program 
or a control intervention. The weight loss group showed a 
47% reduction in frequency of incontinence, significantly 
greater than the 28% shown by the control group (Subak 
et al., 2009b). Group differences were significant for stress 
incontinence and total incontinence after 12 months and for 
urgency incontinence after 18 months (Wing et al., 2010). 
The weight loss group also had greater patient satisfaction 
ratings at 6, 12, and 18 months. Because modest weight loss 
is achievable for many women, it should be considered in 
the first-line behavioral treatment of women with stress, 
urge, or mixed incontinence. 


Estrogen and Stress Incontinence 


Estrogen is discussed separately from other pharmaco- 
logic therapies for SUI, because of the controversy over 
the effects of oral estrogen replacement therapy on over- 
all health and prevention of chronic disease. Despite this 
controversy, the benefits of oral and vaginal estrogen for 
urogenital health are undeniable. The prevalence of symp- 
tomatic urogenital atrophy in postreproductive women 
may approach 50%. Because the lower urinary tract and 
vagina develop from the same embryologic origin, it is not 
surprising that estrogen receptors are present throughout 
the vagina, urethra, bladder trigone, pelvic connective tis- 
sue, and pelvic muscles. Decreased estrogen effect and the 
resulting urogenital atrophy produce symptoms of vaginal 
dryness, pruritus, dyspareunia, vaginitis, recurrent urinary 
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tract infections, dysuria, urinary frequency, urinary urgency, 
nocturia, and incontinence. Painful urination or “urethral 
syndrome” secondary to decreased estrogen effect responds 
to local estrogen therapy as does nocturia, irritative bladder 
symptoms, and recurrent urinary tract infections. 
Outcomes regarding the effect of estrogen on SUI have 
been mixed. Estrogen exerts beneficial effects in the urethra 
by increasing the concentration of a-adrenergic receptors in 
the urethra and bladder, improving vascularity and perfu- 
sion of the periurethral tissue, and increasing thickness of 
the urethral epithelium. These changes facilitate coaptation 
and increase urethral pressure (Ewies and Alfhaily, 2010). 
Most of the nonrandomized studies with oral estrogen, few 
with control groups, showed significant benefit of oral estro- 
gen alone or in combination with progestin, in the treatment 
of SUI. Improvements have been reported on both subjec- 
tive and objective parameters, including improved abdomi- 
nal pressure transmission to the proximal urethra, increased 
functional urethral length, and increased maximal urethral 
closure pressure. Some studies found only subjective benefit. 
A Cochrane review assessed the effect of systemic and 
intravaginal estrogen in women with symptomatic or a 
urodynamic diagnosis of stress, urgency, or mixed urinary 
incontinence (Cody et al., 2009). Thirty-three trials includ- 
ing 19,313 women (1262 in trials of topical administration) 
revealed that women taking systemic (oral) estrogen had 
worse incontinence than those taking a placebo (relative risk 
[RR], 1.32; 95% confidence interval [CI], 1.17-1.48). In 
those women taking both systemic estrogen and progester- 
one (uterus in situ), there also was significantly worse incon- 
tinence (RR, 1.11; 95% CI, 1.04-1.18). There was evidence 
that intravaginal estrogen may improve incontinence (RR, 
0.74; 95% CI, 0.64-0.86), but little long-term data exist. 
Urogenital atrophy is an FDA-approved indication for 
estrogen therapy. Lower urinary tract symptoms associated 
with atrophy also significantly improve with hormonal ther- 
apy. Therefore, we strongly recommend optimizing urogeni- 
tal tissue health as the first-line treatment with intravaginal 
estrogen therapy, before or concurrently with behavioral 
therapy, pessary use, or any other nonsurgical treatment, 
and before surgical intervention for stress incontinence. 
When the uterus is present, progestin treatment should be 
considered on an individual basis because few data are avail- 
able to guide clinicians (Krause et al., 2010). We typically 
recommend 0.5 g of vaginal estrogen cream nightly for 4 
to 6 weeks, with maintenance doses of 0.5 g two to three 
times per week thereafter. Estrogen rings and tablets have 
standardized recommended regimens (Table 17.1). 


Other Pharmacologic Therapies for 
Stress Urinary Incontinence 


Numerous medications have been used to treat SUI 
(Andersson et al., 2009); however, none are FDA approved 
for this primary indication. Pharmacotherapy for SUI takes 
advantage of the effects of certain medications on increasing 
urethral outlet resistance that is mediated by sympathetic, 
parasympathetic, and somatic innervation coordinated by 
the central nervous system. Increased outlet resistance may 
occur with a-adrenergic agonists, -adrenergic antagonists 
and agonists, tricyclic antidepressants, and serotonergic and 
noradrenergic reuptake inhibitors (Cannon 2003a, b). 


Table 17.1 Vaginal Estrogen Regimens 


Product Dosage Manufacturer 
Estradiol cream 0.1 mg/g Warner Chilcott, Inc., 
Estrace vaginal Rockaway, NJ 
cream 
Conjugated estro- 0.625 mg/g Pfizer Pharmaceuticals 
gens cream Inc., New York, NY 
Premarin vaginal 
cream 
Dienestrol cream 0.1 mg/g Orth-McNeil Pharma- 
Ortho-dienestrol ceuticals Inc., Raritan, 
cream NJ 
Estradiol vaginal 2 mg/3 months Pfizer Pharmaceuticals 
ring Inc., New York, NY; 
Estring, Femring Warner Chilcott, Inc., 
Rockaway, NJ 


Novo Nordisk FemCare 
AG, Inc., Princeton, NJ 


Estradiol vaginal 
tablets 
Vagifem 


10 pg/tablet 


a-Adrenergic Agonists 


The proximal urethra and bladder neck contain a-adrenergic 
receptors that when stimulated result in increased smooth 
muscle tone and increased outlet resistance both during 
bladder filling and voiding, continuously increasing urethral 
closure pressure. Several a-adrenergic agents have been 
studied, including phenylpropanolamine. The Agency for 
Health Care Policy and Research Clinical Practice Guide- 
line described the results of eight randomized controlled 
trials for women with SUI (Fantl et al., 1996). Cure rates 
were 0%-14%; reduction of incontinence episodes, 19% to 
60%; side effects, 5% to 33%; and dropouts, 0% to 4.3%. 
However, phenylpropanolamine was withdrawn from the 
market due to an increased risk of hemorrhagic stroke when 
used as an appetite suppressant. 

Midodrine is selective for a subtype adrenergic receptor 
a-l. Midodrine produced subjective improvement but no 
significant changes in maximum urethral closure pressure at 
rest (Alhasso et al., 2004). Rarely is total dryness reported 
in patients with moderate-to-severe SUI when using mido- 
drine and other similar medications. Potential side effects 
of all a-adrenergic medications include hypertension, anxi- 
ety, hemorrhagic stroke, cardiac arrhythmias, palpitations, 
tremor, weakness, insomnia, and headache. 


p-Adrenergic Receptor Antagonists 
and Agonists 


B-Adrenergic blocking agents should theoretically poten- 
tiate the activity of norepinephrine on a-receptors and 
increase urethral outlet resistance. Early studies demon- 
strated efficacy with propranolol in patients with SUI; 
however, subsequent randomized controlled trials have not 
been as successful. At this time, the role of B-adrenergic 
receptor antagonists for SUI is limited. Significant potential 
side effects include heart failure, lethargy, and pulmonary 
compromise. 

Animal studies have shown that fy -adrenergic ago- 
nists, such as clenbuterol, may prevent SUI by increasing 
the contractility of fast-contracting striated muscle fibers 
and suppressing slow-contracting fibers. A double-blind, 
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placebo-controlled trial with clenbuterol was performed 
in 165 women with SUI (Yasuda et al., 1993). Significant 
effectiveness was observed over placebo with respect to 
subjective evaluation of incontinence frequency, pads per 
day, and global assessment. Maximum urethral closure pres- 
sure increased significantly in the continent patients. 


Tricyclic Antidepressants 


Tricyclic antidepressants, in particular, doxepin and imipra- 
mine hydrochloride, improve SUI symptoms by decreasing 
bladder contractility and increasing urethral resistance. It 
is thought that they exert central and peripheral anticho- 
linergic effects at some sites. They block the active trans- 
port system in the presynaptic nerve ending responsible 
for the reuptake of norepinephrine and serotonin. They act 
as sedatives, presumably centrally but potentially related 
to antihistaminic properties. No placebo-controlled tri- 
als of the effects of tricyclic antidepressants on SUI exist 
(Andersson et al., 2009). Gilja et al. (1984) reported on 30 
women with SUI who received imipramine 75 mg daily for 
4 weeks. Subjective continence was reported in 21 partici- 
pants. Mean maximum urethral closure pressures increased 
from 34.1 mm Hg to 48.2 mm Hg. Another study by Lin 
et al. (1999) reported on 40 women with SUI treated with 
imipramine 25 mg orally three times a day for 3 months. A 
35% cure rate by pad testing was reported, and one-quarter 
of the subjects described at least 50% improvement. Suc- 
cess in this study correlated with increased urethral closure 
pressures. A placebo-controlled trial with doxepin reported 
significant improvement on subjective and objective out- 
comes for mainly urge incontinence (Lose et al., 1989). 
Side effects associated with tricyclic antidepressants 
include dry mouth, blurred vision, urinary retention, con- 
stipation, orthostatic hypotension, sedation, tremors, 
sexual side effects, fatigue, rash, jaundice, and weakness. 
Older patients in particular are prone to side effects such 
as disorientation, falls, and heart rhythm abnormalities and 
decreased force of cardiac contraction. Lower doses should 
be used in older patients, who we typically start on a 10 mg 
nightly dose, to determine tolerance and titrate up from 


there (Table 17.2). 


Duloxetine 


Serotonergic and noradrenergic reuptake inhibitors sup- 
press parasympathetic activity and enhance sympathetic 
and somatic activity in the lower urinary tract, promoting 
urine storage. The dual serotonin-norepinephrine reuptake 
inhibitor duloxetine has shown clinical efficacy for SUI 
compared with placebo in 10 trials including 3944 subjects 
randomized to duloxetine or placebo, pelvic floor muscle 
therapy, or both (Mariappan et al., 2005). Maximum dura- 
tion of treatment was 12 weeks. Efficacy of treatment was 
significantly better with duloxetine versus placebo with 
respect to quality of life and perception of improvement. 
Individual studies demonstrated a significant reduction of 
incontinence episode frequency by 50% with duloxetine; 
however, meta-analysis of the stress pad test and 24 h pad 
test showed no difference between duloxetine and placebo. 
Subjective cure favored duloxetine. Although duloxetine 
does not have FDA approval for the treatment of SUI in the 


Table 17.2 Other Pharmacologic Therapy 
for Stress Incontinence 


Drug Type Drug Name Dosage 
Serotonin/norepi- Duloxetine 40 mg bid 
nephrine reuptake 
inhibitor 
a-Adrenergic agonist | Midodrine 2.5 mg tid 
Pseudoephedrine 15 mg bid, 30 mg 
hydrochloride bid, tid, qid 
B-Agonist/antagonist Clenbuterol 0.02 mg bid 
Propanolol 10 mg bid to 
40 mg tid 
Tricyclic antidepres- Imipramine 10 mg ghs (older 
sant hydrochloride patients) 
25 mg tid, 75 mg 
bid 


United States, there has been regulatory approval for this 
indication in the European Union since 2004. 

Side effects associated with duloxetine include nausea, 
fatigue, dry mouth, and insomnia. Nausea was the most 
common reason for discontinuation in the clinical trials. 


Urethral Devices 
Urethral Inserts 


A urethral insert acts as a mechanical barrier to prevent uri- 
nary leakage by sealing the urethral lumen. The two main 
categories of devices include simple occlusive plugs or 
patches, and the intraurethral prosthesis with valves. The 
intraurethral prosthesis with valves device is for chronic use 
and is not addressed here. Urethral inserts are occlusive 
devices typically used episodically by more active women 
with SUI, usually during the day. They are self-inserted and 
designed for single use. 

Several devices have been available for use as a ure- 
thral insert and include the Reliance Urinary Control 
Insert (UroMed, Inc., Needham, MA), FemSoft Urethral 
Insert (Rochester Medical Corp., Stewartville, MN), and 
Viva Urethral Plug (Braun, Melsungen, Germany). The 
only urethral insert currently available for use is the Fem- 
Soft; it is safe, effective, and tolerable, producing marked 
improvement in quality of life (Cottenden et al., 2009). 
There are no large Level I trials comparing the FemSoft 
to other devices or no device (Lipp et al., 2011). Small 
studies have shown efficacy as demonstrated with signifi- 
cant differences (P = 0.03) in median pad weights during 
standardized exercise regimens from 20 g (range, 4.9-80.2) 
without the device to 2.6 g (range, 1.3-6.8) with the 
device (Dunn et al., 2002). After 3 months, satisfaction 
and comfort ratings were good and adverse events (urinary 
tract infection) were few. 

Patients using these devices require manual dexterity for 
placement. Specific training affects continued use and sat- 
isfaction. The most common side effects are urethral dis- 
comfort, hematuria, urinary tract infections, and bladder 
irritation. Contraindications for the use of urethral inserts 
include pregnancy, significant urge incontinence and unsta- 
ble bladder contractions, neuropathic bladder, a history 
of recurrent bladder infections, use of anticoagulants, and 
inflammatory or malignant lesions of the lower urinary tract. 
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Factors noted to be important in patient compliance with 
these devices include a supportive and encouraging teaching 
program, so that the patient feels comfortable in her ability 
to insert the device correctly. The training can be accom- 
plished in a single session that typically includes a review of 
female pelvic anatomy, hands-on practice, and supervised 
self-placement of the device, often with the use of a mirror. 
Telephone follow-up during the first week helps maintain 
patient motivation and compliance. 


Urethral Occlusive Devices 


Numerous external occlusive devices existed that essen- 
tially block urine loss through the external urethral meatus. 
Issues of cost, comfort, patient acceptability of manipulat- 
ing their genitalia to apply the device, and concerns of life- 
long dependence are at the forefront of deciding whether 
to use these products. There were several reusable exter- 
nal urethral occlusive devices for SUI. These devices were 
noninvasive, silicon-domed caps or patches that fit over the 
external urethral meatus and included FemAssist (Apple/ 
Insight Medical Corporation, Bolton, MA), CapSure Shield 
(CR Bard, Covington, GA), MiniGard (Advanced Surgical 
Intervention, Dana Point, CA), Continence Guard (Con- 
veen, Marietta, GA), and Impress Soft Patch (UroMed 
Corporation, Inc., Needham, MA). The general use of 
these products has decreased, and none are currently on 
the market. 


The Ins and Outs of Pessary Use 


Historically, the use of pessaries has been reserved for 
those patients who decline surgery for SUI or POP or those 
who are not surgical candidates due to significant medical 
comorbidities. Some practitioners extend indications for 
pessary use to pregnancy-related prolapse and prolapse and 
incontinence in older women. Two studies by Clemons et al. 
(2004a,b) showed that age greater than 65 years, severe 
comorbidity, and maintenance of urinary continence were 
significant predictors of continued pessary use after 1 year 
for women with POP. Few literature-based reviews recom- 
mend pessaries as the first-line therapy for women with SUI 
or POP and there is little consensus regarding the choice of 
pessary and management of pessary use. Even urogynecolo- 
gists have not come to consensus regarding indications for 
pessaries and their management (Cundiff et al., 2000). We 
rely primarily on descriptive and retrospective studies, rela- 
tively small prospective series, manufacturers! recommen- 
dations, and our own clinical experience. 


Efficacy of Pessaries for Stress Urinary 
Incontinence 


Pessaries effectively manage SUI in some women during 
exercise and in daily life. Most outcomes have been short 
term and most study samples have been small (Table 17.3). 
Until recently, there have been no robust Level I studies 
with which to ascertain the benefit of continence pessaries 
compared with behavioral therapy. A recent randomized 
controlled trial comparing the use of pessary, and combina- 
tion pessary, and behavioral therapy to behavioral therapy 
alone was performed by the Pelvic Floor Disorders Network 


(Richter et al., 2010). The Ambulatory Treatments for 
Leakage Associated with Stress trial consisted of three 
treatment arms: behavioral therapy alone (including pelvic 
floor muscle training), pessary alone, and combined behav- 
ioral therapy and pessary. The primary outcomes were treat- 
ment efficacy using the Urogenital Distress Inventory-stress 
incontinence subscale of the Pelvic Floor Distress Inventory 
and the Patient Global Impression of Improvement. Sec- 
ondary outcomes included the proportion of patients with 
a 75% reduction of incontinence episodes on 7 day bladder 
diary and patient satisfaction. 

Overall, at 3 months, pessaries were not as effective as 
behavioral intervention in terms of patient satisfaction (75% 
in behavioral group versus 63% in pessary group, P = 0.02) 
and percentage of patients with no bothersome urinary incon- 
tinence (UI) symptoms (49% in behavioral group versus 33% 
in pessary group, P = 0.006). Both groups were similar in 
reported patient perception of improvement. Combining 
behavioral and pessary treatment was significantly better 
than pessary alone but not better than behavioral therapy 
alone. Therefore, combined therapy was not considered 
superior to single-modality therapy, because, to be clinically 
superior, combined therapy had to be better than both single- 
modality therapies. Group differences were not sustained to 
12 months, but treatment satisfaction remained greater than 
50% for all treatment groups. Factors noted to be predictive 
of success and satisfaction with the use of all three nonsurgi- 
cal approaches included being menopausal, having a higher 
educational status, no history of previous UI surgery, and 
lower incontinence frequency (Schaffer et al., 2012). 


Efficacy of Pessaries for Pelvic Organ 
Prolapse 


Satisfactory outcomes have been reported for Stage II or 
greater prolapse using the Gelhorn and ring diaphragm pes- 
sary. After 2 to 6 months, 77% to 92% of women with success- 
ful pessary fitting were satisfied; and, using intention-to-treat 
analysis, 44% to 67% of women who were treated initially with 
a pessary for prolapse were satisfied (Clemons et al., 2004b). 


Pessary Placement and Management 


More than 100 different kinds of pessaries have been 
described, with numerous materials used. Currently, accord- 
ing to Cooper Surgical, Inc. (Trumbull, CT) brochures, there 
are six to nine sizes of 13 Milex pessary models used for SUI, 
POP or both, with the majority being made of silicone or plas- 
tic (Fig. 17.2). Silicone is nonallergenic, does not absorb odors 
or secretions, is resistant to repeat cleansing and autoclaving, 
and is soft and pliable. If a pessary type contains latex, ensure 
that the patient does not have a latex allergy before using it. 
It is thought that the pessary restores continence by sta- 
bilizing the proximal urethra and urethrovesical junction, 
thereby facilitating pressure transmission to the urethra. 
Pessaries improve urinary incontinence in some women by 
increasing urethral functional length, urethral closure pres- 
sures, and cough profiles. Pessaries used for POP can also 
create or worsen SUI by supporting the prolapsed vagina 
and relieving bladder neck obstruction. This “occult” SUI 
occurred in 21% of the women who were successfully fitted 
with a pessary in the study by Clemons et al. (2004b). 
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Table 17.3 Pessary Use for Incontinence and Prolapse 


Investigators N Indication Time of Follow-up Outcome 
Bhatia and Bergman 30 Stress incontinence None Cough pressure profile 24/30 patients continent 
(1985) 
Suarez et al. (1991) 12 Stress incontinence None Subjective cure 9/12 
(use of contraceptive 
diaphragm) 
Sulak et al. (1993) 101 Prolapse Mean 16 months 50% continued use 
Nygaard (1995) 18 Exercise inconti- None 36% pessary users continent; 58% tampon users 
(randomized trial) nence pessary continent 
versus tampon 
versus no device 
Abu-Sitta et al. (1995) 11 Stress incontinence 4 days Pad test, urine loss significantly decreased 
Wu et al. (1997) 110 Prolapse 66% of those used 
at one month, 
continued for 
>12 months 
Kondo et al. (1997) 77 Stress and mixed 12 weeks Subjective pad test, 29% continent, 51% decreased 
(bladder neck support incontinence severity by >50%, 81% combined subjective/objec- 
prothesis) tive some or maximum benefit 
Davila et al. (1999) 70 Stress or mixed 1 month 53/70 completed trial; significant improvement pad 
(Introl device, UroMed, incontinence tests, diaries, high subjective improvement and 
Needham, MA) quality of life 
Robert and Mainprize 38 Stress incontinence 1 year 6/38 continued pessary use pad test, voiding diary, 
(2002) IIQ, UDI 
Farrell et al. (2004) 100 Stress and mixed 11 months 79% resolution symptoms 2 weeks; 55% of patients 
incontinence, with stress, 63% of patients with mixed successfully 
prolapse fitted with pessary-59% patients continued use 
Clemons et al. (2004a, b) 73 Prolapse 2 months 92% patient satisfaction 
Donnelly et al. (2004) 119 Stress incontinence 6 months 89% successful pessary fitting, 55% continued 
pessary use for 6 months 
Richter et al. (2010) 446 Stress incontinence Primary outcome 3; At 3 months, no bothersome UI symptoms 


6 and 12 months 


behavioral group 49% versus 33% pessary group, 
P = 0.006; treatment satisfaction 75% of behav- 
ioral group versus 63% pessary group, P = 0.02; 
no difference PGI-I, 49% behavioral group, 40% 
pessary group, P = 0.10. Combination behavioral 
and pessary treatment was significantly better 
than pessary by PGI-I and PFDI, but not better 
than behavioral therapy. Group differences not 
sustained to 12 months, but treatment satisfaction 
remained >50% for all treatment groups 


IIQ, Incontinence Impact Questionnaire; UDI, Urogenital Distress Inventory; PGI-I, Patient Global Impression of Improvement; PFDI, Pelvic Floor 


Distress Inventory 


Pessary 


Indication (SUI +) 


. Incontinence ring 
. Incontinence ring with 


support 


. Incontinence dish 
. Incontinence dish 


w/ support 


. Hodge 
. Hodge with support 
. Hodge with incontinence 


knob 


. Hodge with incontinence 


knob and support 


Gehrung with incontinence 
knob 


. Cube 


1st- or 2nd-degree uterine/vault prolapse and/or 
mild cystocele 

Mild 1st- or 2nd-degree uterine prolapse 

1st- or 2nd-degree uterine/vault prolapse and/or 
mild cystocele 

Narrow vaginal introitus 

Narrow vaginal introitus; mild cystocele 

Narrow vaginal introitus + stabilization of the UV) 


Narrow vaginal introitus + stabilization of the UV) + 
mild cystocele 


Cystocele and/or rectocele 


SUI during strenuous exercise (insert just before 
exercise begins) 


FIGURE 17.2 Pessary types and indications. 
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Pessaries provide pelvic organ support by creating a 
functional obstruction within the vagina. Two categories of 
pessaries exist for prolapse: support and space-filling. The 
ring pessary (with diaphragm) is a commonly used sup- 
port pessary, and the Gelhorn pessary is a commonly used 
space-filling pessary. Ring and other support pessaries are 
recommended for Stage I and II prolapse, whereas space- 
filling pessaries are for Stage II and IV prolapse. However, 
Adams et al. (2004/2009) showed no randomized con- 
trolled trials of pessary use in women with POP. Manufac- 
turers' recommendations for pessary selection can be found 
in Table 17.4 (LeKan-Rutledge et al., 2003). 

Pessary placement involves consideration of several 
issues, primarily the patient's motivation to use it. Typically, 
if she has had previous surgery or strongly desires to avoid 
surgery, she may be motivated enough for a primary attempt 
at pessary placement. Other issues include her medical and 
cognitive status, manual dexterity, current sexual function, 
type and duration of exercise, and status of the vaginal walls 
and cervix. We strongly recommend treatment of the vagina 
with estrogen if the patient is hypoestrogenic, and mainte- 
nance of estrogen treatment using any of the many regimens 
discussed previously. We provide a consensus approach for 
the fitting and management of intravaginal pessaries below 


(Palumbo, 2000; Poma, 2000). 


Steps to Fitting a Pessary 


The patient should be examined in lithotomy position after 
emptying her bladder. We estimate the size of the pessary 
after digital examination and use of ring forceps to reduce 
the prolapse or bladder neck. After the approximate size is 
determined, the appropriate type is selected (Table 17.4) 
based on the patient's needs and activity level. The clinician 
should use a dry glove to better grasp the pessary, and water- 
soluble lubricants as needed. On insertion, guide the pessary 
posteriorly to avoid the urethra. Proper size is ensured by 
being able to sweep the index finger between the pessary 


and the vaginal wall; the pessary should feel comfortable 
to the patient. When fitted, the patient is asked to stand, 
perform Valsalva, and cough to ensure that the pessary 
is retained. Also assess that the pessary is providing the 
desired urethral support and leakage control. Furthermore, 
ensure that the patient is able to void with the pessary in 
place before sending her home. 

Insertion tips include the following: use of a water- 
soluble lubricant for insertion; folding or collapsing the 
pessary to reduce its size; and when the pessary is inside 
the vagina, pushing it high to an area behind the symphysis 
pubis. When instructing the patient to insert and remove 
the pessary, determine whether it is done best in a standing 
or supine position depending upon the patient's dexterity. 

Ring pessaries with or without support are the most 
commonly used. They are the easiest to fold, insert, and 
remove. Continence pessaries, rings and dishes with sup- 
port, are also easy to fold, insert, and remove. Gelhorn 
and cube pessaries are typically more difficult to insert 
and remove. They are held in place by significant space 
occupation and suction, and they offer strong support. 
The suction of the cube pessary needs to be broken before 
removal. Cube pessaries should be removed daily; Gel- 
horns can stay in longer (up to 6-8 weeks). Donut pessa- 
ries, which are very popular, are considered a space-fitting 
pessary for large vaginal vault prolapse or procidentia. 
Donut pessaries should be removed and cleaned every 2 
to 3 days if possible. 


Follow-up Recommendations 


After the initial fitting, the patient should return in 1 to 3 days 
and then at 4 to 6 weeks, depending on her independence 
with the pessary, her proficiency in placement and removal, 
and her cognitive and motor abilities. After this initial follow- 
up, continued follow-up is at 6 to 12 month intervals at the 
discretion of the provider and depending on the patient's abil- 
ity to insert and remove the pessary effectively. If the patient 


Table 17.4 Guidelines for Pessary Selection 


Prolapse 


1-2 2-3 
Degree 


Sexually Vaginal 
Active Wall 


X 
X 


Urinary Stress 


xXx KK XX 


X Mid X 


Adapted from Milex Products, Inc., Chicago, IL. 


Incontinence Cystocele 


Incompetent Retro 
Rectocele Cervix Displacement 


Most Commonly 
Used 


Ring 

Ring with support 

Shaatz 

Incontinence dish 

Dish with support 

Hodge with support 

Donut 

Gellhorn (flex 95% 
rigid) 

Inflatoball 

Cube, tandem 
cube 

Gehrung 

Gehrung with knob 

Incontinence ring 

Hodge w-knob 

Smith, Hodge, 
Risser 
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has to return for removal and cleaning by a provider, 4 to 
12 week intervals are more appropriate. 

On each return for follow-up, ensure proper placement 
of the pessary and that it provides adequate support of the 
prolapse. If the patient is using the pessary for incontinence 
symptoms, check that her symptoms are resolved or stable. 
Because pessaries are fit by a process of trial and error, it 
is common to change the pessary size or type at least once 
after the initial fitting. Check the pessary's integrity and the 
patient's vaginal tissue for irritation, pressure sores, ulcer- 
ations, and estrogen status. 


Complications 


Vaginal discharge and odor may signal a possible complica- 
tion of pessary use, such as infection or erosion. An increase 
in bacterial vaginosis has been seen with pessary use. If the 
pessary does not stay in place, it is unlikely to cause erosion; 
conversely, the pessary may be too tight and thus could lead 
to irritation or erosions. There may be de novo or increased 
SUI with reduction of vaginal prolapse. Vaginal abrasions, 
erosions or ulcerations, rare vesicovaginal or rectovaginal 
fistulas, small bowel entrapment, bilateral hydronephrosis, 
and urosepsis have all been described. 

Another potential complication is the forgotten or incar- 
cerated pessary. Therefore, whenever possible, the family 
or other healthcare professionals should help the debilitated 
or memory-impaired patient ensure adequate pessary care. 
Patient education is vital for successful pessary use, and a 
review of female anatomy may be helpful before pessary 
placement. We also discuss, in an individualized manner, the 
schedule of removal and cleaning of the pessary. It is impor- 
tant to counsel the patient to call for concerns or problems 
related to pessary use. 


Conclusions 


Credible first-line nonsurgical treatment modalities exist 
for the treatment of SUI and POP. These options allow 
providers to align patient expectations of treatment with 
outcomes. Nonsurgical treatment approaches should be 
discussed with all women seeking care for these prevalent 
conditions. Combinations of behavioral, medical, and other 
unique treatments such as pessaries should be implemented 
in most patients before resorting to surgical treatments of 
incontinence and prolapse. 
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Since 1949, when Marshall et al. first described retropubic 
urethrovesical suspension for the treatment of stress urinary 
incontinence (SUI), retropubic procedures have proved to 
be consistently curative. Although numerous terminologies 
and variations of retropubic repairs have been described, the 
basic goal remains the same: to suspend and to stabilize the 
anterior vaginal wall, and thus the bladder neck and proxi- 
mal urethra, in a retropubic position. This prevents their 
descent and allows urethral compression against a stable 
suburethral layer. Selection of a retropubic approach (ver- 
sus a vaginal approach) depends on many factors, such as 
the need for laparotomy or laparoscopy for other pelvic 
prolapse or disease, the amount of pelvic organ prolapse, 
the status of the intrinsic urethral sphincter mechanism, the 
age and health status of the patient, any history of previous 
sling or mesh complications, desires for future fertility, the 
preference and expertise of the surgeon, and preferences of 
an informed patient. 

Historically, few data differentiated one retropubic pro- 
cedure from another. The three most studied and popular 
retropubic procedures were the Burch colposuspension, the 
Marshall—Marchetti-Krantz (MMK) procedure, and the 
paravaginal defect repair. We no longer perform the MMK 
procedure, so this operation will not be described. We pre- 
fer the Burch colposuspension for urodynamic stress incon- 
tinence with bladder neck hypermobility and adequate 
resting urethral sphincter function, and sometimes com- 
bine it with a paravaginal defect repair when the patient has 
stage II or II anterior vaginal prolapse or when a concur- 
rent sacrocolpopexy is to be done. The surgical techniques 
described here are contemporary modifications of the 
original operations: Tanagho (1976) described the modified 
Burch colposuspension; the paravaginal defect repair was 
described by Richardson et al. (1981) and Shull and Baden 
(1989) (paravaginal repair), and by Turner-Warwick (1986) 
and Webster and Kreder (1990) (vaginal obturator shelf 
repair). Although less critically studied until recently, the 
paravaginal defect repair was regionally popular and widely 
performed in the United States. The operations described 
do not represent one correct technique, but a commonly 
used and proven method. 

This chapter describes only retropubic suspension proce- 
dures that use an abdominal wall incision for direct access 
into the space of Retzius. The use of laparoscopy and mini 
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incision laparotomy to enter the retropubic space and per- 
form these and similar procedures is certainly possible and 
occasionally preferred, and is usually based on whether 
other concurrent surgeries need to be done and on what is 
most desired by the surgeon and the informed patient. The 
reader is encouraged to see Chapter 21 for a thorough cri- 
tique of the use of operative laparoscopy for urinary incon- 
tinence and prolapse. 


Indications for Retropubic Procedures 


Retropubic urethrovesical suspension procedures are indi- 
cated for women with the diagnosis of urodynamic SUI and 
a hypermobile proximal urethra and bladder neck. Although 
retropubic procedures can be used for intrinsic sphincter 
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deficiency with urethral hypermobility, other, more obstruc- 
tive operations such as a retropubic bladder neck or midure- 
thral sling probably yield better long-term results. 

To diagnose urodynamic SUI, clinical and urodynamic 
(simple or complex) tests must be performed to evaluate 
bladder filling, storage, and emptying. Clinically, the ure- 
thra is shown to be incompetent by visually observing loss of 
urine simultaneous with increases in intra-abdominal pres- 
sure (a positive cough stress test). Urodynamic or radiologic 
methods also may be used for diagnosis. Abnormalities of 
bladder-filling function, such as detrusor overactivity, can 
coexist with urethral sphincter incompetence in up to 30% 
of patients and may be associated with a lower cure rate 
after retropubic surgery. 

Women with SUI should generally have a trial of conser- 
vative therapy before corrective surgery is offered. Conserva- 
tive treatment comes in the form of pelvic muscle exercises, 
bladder retraining, pharmacologic therapy, and mechanical 
devices such as pessaries. Eligible and willing postmeno- 
pausal patients with atrophic urogenital changes should be 
prescribed vaginal estrogen before surgery is considered. 


Surgical Techniques 


Operative Setup and General Entry 
into the Retropubic Space 


The patient is supine with the legs supported in a slightly 
abducted position, allowing the surgeon to operate with one 
hand in the vagina and the other in the retropubic space. 
The vagina, perineum, and abdomen are sterilely prepped 
and draped in a fashion that permits easy access to the lower 
abdomen and vagina. A three-way 16- or 20-French Foley 
catheter with a 20- to 30-mL balloon is inserted sterilely 
into the bladder and kept in the sterile field. The drainage 
port of the catheter is left to gravity drainage, and the irriga- 
tion port is connected to sterile water, with or without blue 
dye, as desired. One perioperative intravenous dose of an 
appropriate antibiotic should be given as prophylaxis against 
infection within 1 h before the incision is made. Appropri- 
ate antiembolic prophylaxis is given. 

A small Pfannenstiel incision is made. During intraperi- 
toneal surgery, the peritoneum is opened, the surgery is 
completed, and the cul-de-sac is plicated, if necessary. The 
retropubic space is then exposed. Staying close to the back 
of the pubic bone, the surgeon's hand is introduced into 
the retropubic space and the bladder and urethra is gently 
moved downward. Sharp dissection is not usually necessary 
in primary cases. To aid visualization of the bladder, 100 mL 
sterile water with methylene blue or indigo carmine dye 
may be instilled into the bladder after the catheter drainage 
port is clamped. 

If previous retropubic or other bladder neck suspension 
procedures have been performed, dense adhesions and/ 
or mesh fragments from the anterior vaginal and bladder 
wall and urethra to the symphysis pubis are often present. 
These adhesions and/or mesh should be dissected sharply 
from the pubic bone until the anterior bladder wall, urethra, 
and vagina are free of adhesions and are mobile. Mesh strips 
from prior slings can be removed if necessary. If identifica- 
tion of the urethra or lower border of the bladder is dif- 
ficult, one may perform a cystotomy, which, with a finger 


inside the bladder, helps to define the bladder's lower limits 
for easier dissection, mobilization, and elevation. 


Burch Colposuspension 


After the retropubic space is entered, the urethra and anterior 
vaginal wall are depressed. No dissection should be performed 
in the midline over the urethra or at the urethrovesical junc- 
tion, thus protecting the delicate musculature of the urethra 
from surgical trauma. Attention is directed toward the tis- 
sue on either side of the urethra. The surgeon's nondominant 
hand is placed in the vagina, palm facing upward, with the 
index and middle fingers on each side of the proximal ure- 
thra. Most of the overlying fat should be cleared away, using a 
swab mounted on a curved forceps. This dissection is accom- 
plished with forceful elevation of the surgeon's vaginal finger 
until glistening white periurethral fascia and vaginal wall are 
seen (Fig. 18.1). This area is extremely vascular, with a rich, 
thin-walled venous plexus that should be avoided, if possible. 
The position of the urethra and the lower edge of the bladder 
is determined by palpating the Foley balloon and by partially 
distending the bladder to define the rounded lower margin of 
the bladder as it meets the anterior vaginal wall. 

Once dissection lateral to the urethra is completed and 
vaginal mobility is judged to be adequate by using the vaginal 
fingers to lift the anterior vaginal wall upward and forward, 
sutures are placed. No. 0 or 1 delayed absorbable or nonab- 
sorbable suture is placed as far laterally in the anterior vaginal 
wall as is technically possible. We apply two sutures of no. 0 
braided polyester on an SH needle (Ethibond; Ethicon, Inc., 
Somerville, NJ) bilaterally, using double bites for each suture. 
The distal suture is placed approximately 2 cm lateral to the 
proximal third of the urethra. The proximal suture is placed 


FIGURE 18.1 Dissection of the lateral retropubic space. After force- 
ful elevation of the surgeon's finger placed vaginally, the fat overly- 
ing the glistening white periurethral fascia is cleared in preparation 
for suture placement. 
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approximately 2 cm lateral to the bladder wall at or slightly 
proximal to the level of the urethrovesical junction. When 
placing the sutures, one should take a full thickness of vaginal 
wall, excluding the epithelium, with the needle parallel to the 
urethra (Fig. 18.2, inset). This maneuver is best accomplished 
by suturing over the surgeon's vaginal finger at the appropriate 
selected sites. On each side, after the two sutures are placed, 
they are passed through the pectineal (Cooper’s) ligament so 
that all four suture ends exit above the ligament (Fig. 18.2). 
Before the sutures are tied, a 1x4-cm strip of Gelfoam may 
be placed if desired between the vagina and obturator fascia 
below the Cooper’s ligament to aid adherence and hemostasis. 

As noted previously, this area is extremely vascular, and 
visible vessels should be avoided when possible. When exces- 
sive bleeding occurs, it can be controlled by direct pressure, 
sutures, or vascular clips. Less severe bleeding usually stops 
with direct pressure and after tying the suspension sutures. 

After all four sutures are placed in the vagina and 
through the Cooper’s ligaments, the assistant ties first the 
distal sutures and then the proximal ones, while the surgeon 
elevates the vagina with the vaginal hand. When tying the 
sutures, one does not have to be concerned about whether 
the vaginal wall meets the Cooper’s ligament, so one should 
not place too much tension on the vaginal wall. A suture 
bridge is usually found between the two points. After the 
sutures are tied, one can easily insert two fingers between 
the pubic bone and the urethra, thus preventing compres- 
sion of the urethra against the pubic bone. Vaginal fixation 
and urethral support depend more on fibrosis and scarring 
of periurethral and vaginal tissues over the obturator inter- 
nus and levator fascia than on the suture material itself. 


Paravaginal Defect Repair 


The object of the paravaginal defect repair is to reattach, 
bilaterally, the anterolateral vaginal sulcus with its overlying 


FIGURE 18.2 Technique of Burch colposuspension. After the two 
sutures are placed on each side, they are passed through the pec- 
tineal (Cooper’s) ligament, so that all four suture ends exit above the 
ligament to facilitate knot tying. Inset: When placing the sutures, 
one should take a full thickness of vaginal wall, excluding the epithe- 
lium, with the needle parallel to the urethra. This maneuver is best 
achieved by suturing over the finger placed vaginally. 


endopelvic fascia to the pubococcygeus and obturator inter- 
nus muscles and fascia at the level of the arcus tendineus 
fasciae pelvis. The retropubic space is entered, and the blad- 
der and vagina are depressed and pulled medially to allow 
visualization of the lateral retropubic space, including the 
obturator internus and levator muscles, and the fossa con- 
taining the obturator neurovascular bundle. Blunt dissection 
can be carried dorsally from this point until the ischial spine 
is palpated. The arcus tendineus fasciae pelvis is often visu- 
alized as a white band of tissue running over the pubococ- 
cygeus and obturator internus muscles from the back of the 
lower edge of the symphysis pubis toward the ischial spine. 
A lateral paravaginal defect representing avulsion of the 
vagina off the arcus tendineus fasciae pelvis or of the arcus 
tendineus fasciae pelvis off the obturator internus muscle 
may be visualized (Fig. 18.3). 

The surgeon's nondominant hand is inserted into the 
vagina. While gently retracting the vagina and bladder 
medially, the surgeon elevates the anterolateral vaginal sul- 
cus. Starting near the vaginal apex, a suture is placed, first 
through the full thickness of the vagina (excluding the vagi- 
nal epithelium) and then deep into the obturator internus 
fascia or arcus tendineus fasciae pelvis, 1 to 2 cm anterior 
to its origin at the ischial spine. After this first stitch is tied, 
additional (three to five) sutures are placed through the 
vaginal wall and overlying fascia and then into the obturator 
internus at about 1-cm intervals toward the pubic ramus 
(Fig. 18.3, inset). The most distal sutures should be placed 
as close as possible to the pubic ramus, into the puboure- 
thral ligament; alternatively, Burch colposuspension sutures 
can be placed bilaterally at the level of the bladder neck and 
urethra if the patient has SUI. No. 2-0 or 0 nonabsorbable 
suture on a medium-sized, tapered needle usually is used for 
the paravaginal repair. 

This procedure leaves free space between the symphy- 
sis pubis and the proximal urethra, but secure support so 
that rotational descent of the proximal urethra and bladder 
base is prevented with sudden increases in intra-abdominal 
pressure. According to Turner-Warwick (1986), it avoids 
overcorrection and fixation of the periurethral fascia, which 
might compromise the functional movements of the urethra 


FIGURE 18.3 Lateral paravaginal defect and technique of paravagi- 
nal defect repair. Five or six sutures are placed, first through the full 
thickness of the vagina (excluding the vaginal epithelium) and then 
into the obturator internus fascia or arcus tendineus fasciae pelvis, 
3 to 4 cm below the obturator fossa. 
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and bladder base and lead to obstruction and voiding diffi- 
culty. This principle may explain why the paravaginal defect 
repair usually results in spontaneous voiding on the first or 
second postoperative day. In fact, the vaginal obturator shelf 
repair was used to correct dysfunctional voiding symptoms 
in patients after previous retropubic surgery. 


General Intraoperative and Postoperative 
Procedures 


If the surgeon is concerned that intravesical suture place- 
ment or ureteral obstruction may have occurred, cys- 
toscopy—either transurethrally or through the dome of 
the bladder—or a small cystotomy may be performed to 
document ureteral patency and the absence of intravesical 
sutures after retropubic procedures. Intravenous injection 
of indigo carmine before cystoscopy aids visualization of 
urine from the ureters. 

Closed suction drains in the retropubic space are used 
only as necessary when hemostasis is incomplete and there 
is concern about postoperative hematoma. The bladder is 
routinely drained with a suprapubic or transurethral cathe- 
ter for 1 to 2 days. After that time, the patient is allowed to 
begin voiding trials and postvoid residual urine volumes are 
checked, either with the suprapubic catheter or by intermit- 
tent self-catheterization. 


Clinical Results 


Many studies have reported clinical experiences with ret- 
ropubic urethral suspension procedures for SUI. Quality 
studies, including prospective randomized trials, have been 
conducted comparing Burch colposuspension to synthetic 
midurethral and fascial slings. Only a few studies have been 
done assessing the paravaginal defect repair for SUI. Early 
studies using subjective outcome measures reported that 
over 90% of women were continent after this procedure. 
However, in a prospective randomized trial, Columbo et al. 
(1996) found that only 61% of women were continent 
3 years after a paravaginal defect repair, compared with 
100% of women continent after a Burch colposuspension. 
We currently believe that the paravaginal defect repair 
should be used only selectively for anatomic correction of 
anterior vaginal wall prolapse but not as primary treatment 
of SUL. 

Multiple studies with objective measures of cure 
reported that the Burch colposuspension is effective for 
women with urodynamically proven SUI. At 3 to 24 months 
after surgery, 59% to100% of patients became continent, for 
an overall average cure rate of about 85%. At 3 to 7 years, 
continence rates range from 63% to 89%, for an average rate 
of 77%. Although objectively incontinent, a small percent- 
age of additional patients were judged to be improved and 
satisfied with the surgical results. The overall reported abso- 
lute failure rate is about 14% at 5 to 7 years. 

In an excellent study, Eriksen et al. (1990) reported on 91 
women with urodynamically proven SUI, with or without 
bladder stability, who had undergone Burch colposuspen- 
sion. Urodynamic evaluation was done on 76 patients after 
5 years. Stress incontinence was cured in 71% of patients 
with stable bladders preoperatively and in 57% of those 
with mixed stress incontinence and detrusor overactivity, 


a nonsignificant difference. After 5 years, only 52% of the 
study group was completely dry and free of complications; 
about 30% needed further incontinence therapy. 

Black and Downs published a systematic review in 1996 
describing the effectiveness of surgery for stress inconti- 
nence in women. The methodological quality of studies 
was assessed, including all of the randomized controlled 
trials up to that time. Only two randomized controlled tri- 
als of colposuspension were available. The study noted that 
different methods of performing colposuspension (e.g., 
Burch colposuspension and MMK procedure) have not 
been shown to be associated with significant differences 
in outcome. There was preliminary evidence that laparo- 
scopic colposuspension and open paravaginal defect repair 
may have somewhat lower cure rates than open Burch pro- 
cedures. Colposuspension appeared to be more effective 
than anterior colporrhaphy and needle urethropexy proce- 
dures in curing and improving stress incontinence. About 
85% of women can expect to be continent 1 year after 
colposuspension, compared with 50% to 70% after ante- 
rior colporrhaphy and needle suspension. Primary proce- 
dures are generally more effective than repeat procedures. 
The benefit of Burch colposuspension is maintained for at 
least 5 years, whereas the benefits from anterior colpor- 
rhaphy and needle suspension diminish rapidly. Of the four 
prospective studies (done before 1996) comparing Burch 
colposuspension and sling procedures, none reported a dif- 
ference in cure, however defined, regardless of whether 
the operations were carried out as primary or secondary 
operations. 

Several studies assessed women more than 10 years after 
undergoing a Burch procedure. Alcalay et al. (1995) fol- 
lowed a cohort of 109 women (out of a group of 366 eligible 
women) who underwent Burch colposuspension between 
1974 and 1983. The mean follow-up interval was 13.8 years. 
Both subjective and objective outcome measures were col- 
lected during the follow-up period. The cure of inconti- 
nence was found to be time-dependent, with a decline for 
10 to 12 years and then a plateau at 69%. Cure rates were 
significantly lower in women who had had previous blad- 
der neck surgery. Approximately 10% of patients required 
at least one additional surgery to cure stress incontinence. 
Confirming this, Jonsson, Funk et al. (2012) showed that 
after 9 years, only 10.8% of women had repeat surgery for 
stress incontinence after a Burch procedure. 

In the first prospective, multicenter, randomized trial of 
open Burch colposuspension and tension-free vaginal tape 
(TVT) for urodynamic stress incontinence, Ward and Hil- 
ton (2002) found no significant difference between surger- 
ies in objective cure rates. Bladder injury was more common 
during the TVT procedure; delayed voiding, operation time, 
and return to normal activity were all longer after colposus- 
pension. When these authors analyzed their data at 2 years 
and ignored subject withdrawals, no differences were seen 
between procedures with objective cure rates of 81% for 
TVT and 80% for colposuspension. Jelovsek et al. (2008) 
reported that laparoscopic Burch also had similar long-term 
efficacy as TVT sling after 4 to 8 years! follow-up. 

In 2007, Albo et al., representing the Urinary Incon- 
tinence Treatment Network, published a definitive mul- 
ticenter, randomized, clinical trial comparing Burch 
colposuspension with autologous rectus fascia pubovaginal 
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sling. A total of 655 women were randomized and observed 
for 24 months. Cure rates of SUI were lower for women 
who underwent the Burch colposuspension (49% versus 
66%; P<0.001). However, more women who underwent 
the sling procedure had complications such as urinary tract 
infections, voiding dysfunction, and postoperative urge 
incontinence. 

The Cochrane review from 2012 concluded that open 
Burch colposuspension is effective for SUI, especially in the 
long-term. Continence rates at 1 year are approximately 85% 
to 90%, and at 5 years are about 70%. In 2010, Novara et al. 
published an updated systematic review and meta-analysis of 
the comparative data on colposuspensions compared with all 
slings. They concluded that patients treated with retropubic 
midurethral slings experienced slightly higher continence rates 
than those treated with Burch colposuspension, but bladder 
perforations were more common with retropubic slings. 

For years, Burch colposuspension was the anti-incontinence 
procedure of choice in women who had an open abdominal 
sacrocolpopexy (ASC). There has been a recent reevalu- 
ation of this, both for women with clinical or occult SUI 
and those who are continent. Brubaker et al. (2008) showed 
improved continence rates when a Burch colposuspension 
was done with ASC, whether or not the patient had SUI. 
This advantage of adding Burch to ASC has not been univer- 
sally reported, so the use of prophylactic anti-incontinence 
procedures at ASC remains controversial. Midurethral 
slings are now frequently combined with ASC to treat clini- 
cal and occult SUI. A cohort study from Korea (Moon et al. 
2011) showed that transobturator sling resulted in higher 
cure rates and better functional outcomes than Burch col- 
posuspension with ASC. 

Clinical conditions that increase the risk of surgical fail- 
ure for retropubic colposuspension are shown in Box 18.1. 
They include baseline urge symptoms, obesity, menopause, 
prior hysterectomy, prior anti-incontinence procedures, and 
more advanced prolapse. Advanced age and concomitant 


CLINICAL 


Greater baseline urge incontinent symptoms 
Hypoestrogenic state—not receiving hormone replacement 
therapy 
Obesity 
Prior hysterectomy 
Prior procedures to correct SUI 
More advanced prolapse 
URODYNAMIC 
Detrusor overactivity (preoperative or postoperative) 
Intrinsic urethral sphincter deficiency 
Lower maximal urethral pressure 
Lower leak point pressure 
Lower functional urethral length 
Open bladder neck at rest on video-urodynamics 
Nonmobile bladder neck 
Abnormal perineal electromyography 
SURGICAL 
Intraoperative blood loss >1000 mL 
Concurrent abdominal sacrocolpopexy (?) 


hysterectomy do not appear to be associated with lower 
rates of cure after colposuspension. Urodynamic findings 
that increase the risk of surgical failure include signs of 
intrinsic urethral sphincter deficiency (however defined), 
abnormal perineal electromyography, and concurrent over- 
active bladder. Patients with intrinsic sphincter deficiency 
probably are better treated with a more obstructive opera- 
tion such as a sling procedure if the urethra is hypermobile, 
or with urethral injections of a bulking agent if the urethra 
is nonmobile. 

Detrusor overactivity or urge incontinence may coexist 
in up to 30% of patients with urodynamic SUI. The term 
mixed incontinence is used to describe this condition. In 
addition, about 15% of patients with urodynamic SUI who 
preoperatively had a stable cystometrogram develop de 
novo detrusor overactivity after a colposuspension proce- 
dure. The course of the overactive bladder after a retropubic 
repair in patients with mixed incontinence is unpredictable. 
Interestingly, some studies demonstrate that 50% to 60% 
of patients with mixed incontinence are cured of overac- 
tive bladder symptoms by surgical support of the bladder 
neck. A much smaller percentage (approximately 5%-10%) 
have worsening of urgency, and the remainder (20%-30%) 
have persistence. Unfortunately, preoperative urodynamic 
parameters do not accurately predict the course of over- 
active bladder after incontinence surgery. For this reason, 
we believe that women with mixed incontinence should ini- 
tially receive nonsurgical therapy. Karram and Bhatia (1989) 
found that 32% of women with mixed incontinence became 
dry after nonsurgical therapy. These data suggest that initial 
nonsurgical therapy will save up to one-third of patients the 
cost and morbidity of incontinence surgery. 


Mechanisms of Cure 


Retropubic suspension procedures elevate and stabilize the 
bladder neck and proximal urethra in a high retropubic 
position. This results, at least partially, in mechanical com- 
pression of the urethra against the stable, elevated anterior 
vaginal wall or the posterosuperior aspect of the symphy- 
sis pubis during episodes of increased abdominal pressure. 
The principal urodynamic change in urethrovesical function 
postoperatively, although no longer commonly measured, is 
increased pressure transmission to the urethra, relative to 
the bladder, during elevations in intra-abdominal pressure. 
Resting urethral pressure and functional urethral length are 
unchanged, which suggests that the intrinsic function of the 
urethra is not altered appreciably by this type of surgery. 
The greater the difference in preoperative and postoperative 
pressure transmission ratios, the more likely the patient will 
be continent after Burch colposuspension. If the retropu- 
bic procedure fails to elevate and stabilize the urethra and 
postoperative pressure transmission ratios remain <100%, 
the patient may continue to have stress incontinence post- 
operatively. Appropriate elevation of the bladder neck and 
urethra, accompanied by pressure transmission ratios near 
100%, results in continence in most patients. This concept is 
supported by a study by Penttinen et al. (1989b), who noted 
a significant negative correlation between postoperative blad- 
der neck mobility and pressure transmission ratios, indicat- 
ing that correction of the urethrovesical anatomic disorder 
eliminates the functional disorder and restores continence. 
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FIGURE 18.4 Pressure transmission profiles in stress incontinent 
women before (solid line) and after (dashed line) successful colposus- 
pensions, compared with a group of 20 symptom-free women (dotted 
line). (From Hilton P, Stanton SL. Br | Obstet Gynaecol. 1983;90:934.) 


Burch procedures probably tend to overelevate and fix 
the urethra in a retropubic position. Hilton and Stanton 
(1983) found that pressure transmission profiles after suc- 
cessful Burch colposuspensions differed from those of con- 
tinent control subjects, with pressure transmission ratios in 
the proximal half of the urethra significantly higher than 
100% (Fig. 18.4). Patients also experience decreased flow 
rates and increased detrusor pressure at maximal flow. 
These observations suggest that an additional mechanism 
results, probably partial outflow obstruction. Bump et al. 
(1988) determined that patients with postoperative void- 
ing abnormalities and detrusor instability had pressure 
transmission ratios significantly greater than 100%, which 
supports the hypothesis that obstruction may have a role 
in postcontinence surgery voiding dysfunction and detrusor 
instability. Paravaginal defect repair procedures do not over- 
elevate the bladder neck and proximal urethra; thus, they 
may have somewhat lower cure rates for stress incontinence 
but with fewer postoperative problems such as urgency and 
voiding dysfunction. 


Complications 
Short-Term Postoperative 


In a thorough review of the literature, Mainprize and 
Drutz (1988) summarized the postoperative complications 
(excluding urinary retention) of open MMK procedures 
(Table 18.1). Wound complications and urinary infections 
are the most common surgical complications. Direct surgical 
injury to the urinary tract rarely occurs. Bladder lacerations 
occurred in 0.7% of patients; sutures through the bladder 


Table 18.1 Postoperative Complications in 2712 


Marshall—Marchetti-Krantz Procedures 


Type of Complication Percent 


Wound, total 
Infection or hematoma 
Hernia or dehiscence 
Other 
Urinary tract infection 
Osteitis pubis 
Direct surgical injury to the urinary tract 
Bladder tears 
Urethral obstruction 
Sutures through bladder or urethra with 
or without catheter sewn in 
Ureteral obstruction or hydronephrosis 
Fistula 
Death 


Ca 
in 
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Modified from Mainprize TC, Drutz HP. Obstet Gynecol Surv. 1988;43:724. 


and urethra and catheters sewn into the urethra occurred in 
0.3% of patients. Ureteral obstruction occurred in 0.1% of 
patients. Accidental placement of sutures into the bladder 
during colposuspension or paravaginal defect repair, result- 
ing in vesical stone formation, painful voiding, recurrent 
cystitis, or fistula, can occur but is rare (Table 18.1). 

Ureteral obstruction occurs rarely after Burch colpo- 
suspension and results from ureteral stretching or kinking 
after elevation of the vagina and bladder base. One study 
reported three unilateral ureteral obstructions and three 
bilateral ureteral obstructions in 483 Burch colposuspen- 
sions (1.2%). All patients were treated successfully with 
removal of sutures and ureteral stenting. No cases of tran- 
sected ureters have been reported. Eriksen et al. (1990) 
found that one of 75 patients (1.3%) observed for 5 years 
after Burch procedures had absent unilateral renal function 
caused by presumed complete ureteral obstruction. This 
patient had developed only transient postoperative fever. 

Lower urinary tract fistulas are uncommon after retropu- 
bic procedures, with various types occurring after 0.3% of 
MMK procedures. Fistulas are probably less common after 
Burch and paravaginal defect repairs because the sutures are 
placed several centimeters lateral to the urethra. 


Postoperative Voiding Difficulties 


The incidence of voiding difficulties after colposuspension 
varies widely, although patients rarely have urinary reten- 
tion after 30 days. In our hands, the mean number of days 
to complete voiding after open Burch procedure is 7 days. 
Eriksen et al. (1990) found that only two of 91 patients had 
delayed spontaneous micturition after Burch colposuspen- 
sion when the catheter was removed the third day post- 
operatively. Fifteen percent of these patients had residual 
urine volumes of 100 to 300 mL the fifth day after surgery. 
Colposuspension can change the original micturition pat- 
tern and introduce an element of obstruction that can disturb 
the balance between voiding forces and outflow resistance, 
resulting in immediate postoperative as well as late voiding 
difficulties. Urodynamic findings that may occur after colpo- 
suspension include decreased flow rate, increased detrusor 
pressure at maximal flow, and increased urethral resistance. 
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Urodynamic tests may be used to predict early post- 
operative voiding difficulties, although their predictive 
value has not been demonstrated consistently. Bhatia and 
Bergman (1984) found that all patients with adequate 
detrusor contraction and flow rates preoperatively were able 
to resume spontaneous voiding by the seventh postopera- 
tive day after Burch colposuspension. One-third of patients 
who voided without detrusor contraction required bladder 
drainage for 7 days or longer. No patients with decreased 
flow rates and absent detrusor contraction during voiding 
were able to void in less than 7 days postoperatively. These 
authors believed that use of a Valsalva maneuver during 
voiding may further lead to postoperative voiding difficul- 
ties, perhaps by intensifying obstruction at the bladder neck. 
In a study by Kobak et al. (2001), risk factors for prolonged 
voiding after Burch colposuspension included advanced age, 
previous incontinence surgery, increased first sensation to 
void, high postvoid residual volume, and postoperative cys- 
titis. Abdominal straining during voiding was not associated 
with prolonged voiding after surgery. 


Overactive Bladder 


Overactive bladder is a recognized postoperative compli- 
cation of retropubic procedures. Detrusor overactivity as 
demonstrated on cystometrogram has been reported in 7% 
to 27% of patients with urodynamic SUI and stable bladders 
preoperatively, with follow-up of up to 5 years after Burch 
colposuspension. Postoperative overactive bladder is more 
common in patients with previous bladder neck surgery and 
in those with mixed detrusor overactivity and urodynamic 
SUI preoperatively. In a study of 148 patients with urody- 
namic SUI and stable bladders preoperatively, Steel et al. 
(1986) reported that 24 patients (16.2%) had postoperative 
detrusor overactivity on cystometrogram 6 months after 
surgery. Ten of the 24 patients with overactive bladder were 
completely asymptomatic. Of the 14 symptomatic patients, 
four improved with drugs aimed at correcting the urgency. 
The remaining 10 patients (6.8%) remained symptomatic 
with overactive bladder 3 to 5 years after surgery. 

The mechanism for this phenomenon is unknown. As 
noted previously, excessive urethral elevation or compres- 
sion can lead to partial outflow obstruction and resulting 
urgency. Whatever the mechanism, postoperative overac- 
tive bladder predictably occurs in a small but significant 
number of patients. Patients undergoing retropubic ure- 
thropexy should understand that the operation may cause 
urgency and urge incontinence, even if it cures their stress 
incontinence. 


Osteitis Pubis 


Osteitis pubis is a painful inflammation of periosteum, 
bone, cartilage, and ligaments of structures of the anterior 
pelvic girdle. It is a recognized postoperative complication 
of urologic and radical gynecologic procedures involving the 
prostate gland or urinary bladder. In urogynecology, oste- 
itis pubis occurs after 0.74% to 2.5% of MMK procedures 
and only rarely after Burch procedures; the incidence is par- 
tially related to the diagnostic criteria used. It also can occur 
rarely after placement of artificial urinary sphincters and 
after radical pelvic surgery for gynecologic malignancies. 


The cause of osteitis pubis is unclear. It may result from 
infection, from trauma to the periosteum, or from impaired 
circulation in the vessels around the symphysis pubis. The 
disease typically occurs 2 to 12 weeks postoperatively. 
Osteitis pubis is characterized by suprapubic pain radiating 
to the thighs and is exacerbated by walking or abduction of 
the lower extremities, marked tenderness and swelling over 
the symphysis pubis, and radiographic evidence of bone 
destruction with separation of the symphysis pubis. The 
clinical course varies from prolonged, progressive debilita- 
tion over several months to spontaneous resolution after 
several weeks. Suggested conservative treatments include 
rest, physical therapy, steroids, and nonsteroidal anti- 
inflammatory agents. Whatever the therapy, noninfectious 
osteitis pubis tends to be self-limiting. 

Recalcitrant cases may result from pubic osteomyelitis. 
Diagnosis is made by bone biopsy and bacterial culture. 
Kammerer-Doak et al. (1998) found positive cultures in 
71% of patients with clinical osteitis pubis who failed to 
respond to conservative therapy. Treatments are antibiotics, 
incision and drainage if abscess formation occurs, or sym- 
physeal wedge resection or debridement. 


Enterocele and Rectocele 


Burch (1968) first reported that enteroceles occurred in 
7.6% of cases after the Burch procedure, but only two- 
thirds of those patients required surgical correction. 
Langer et al. (1988) reported that 13.6% of patients who 
had undergone Burch procedures but no hysterectomy or 
cul-de-sac obliteration developed an enterocele 1 to 2 years 
postoperatively. Alcalay et al. (1995) noted that 26% of 
patients during a 10- to 20-year follow-up period after 
Burch colposuspension underwent a rectocele repair and 
5% underwent an enterocele repair. Although not all 
authors agree, performing a Burch colposuspension may 
increase the risk of developing apical or posterior vaginal 
prolapse in the future. This observation is consistent with 
other types of vaginal reconstructive surgery in which it 
has been observed that suspension of one vaginal segment 
can predispose to new prolapse in the other, unrepaired 
segment. Therefore, whenever possible, a cul-de-sac oblit- 
eration in the form of uterosacral plication, Moschcowitz 
procedure, or McCall culdoplasty should be performed at 
the time of retropubic colposuspension to prevent entero- 
cele formation, although the true efficacy of this prophy- 
lactic maneuver is unknown. Rectocele repair should be 
done as indicated for symptomatic or large rectoceles, 
although care should be taken to avoid a resulting midvagi- 
nal ridge; the postoperative rate of dyspareunia may be as 
high as 38% when these two procedures are combined. 


Role of Hysterectomy in the Treatment 
of Incontinence 


Gynecologists often perform hysterectomies at the time of 
retropubic or vaginal surgery for SUI. Langer et al. (1988) 
assessed the effect of concomitant hysterectomy during 
Burch colposuspension on the cure rate of SUI. Forty-five 
patients were randomly assigned to receive colposuspen- 
sion only or colposuspension plus abdominal hysterectomy 
and cul-de-sac obliteration. Using urodynamic investigations 


6 months after surgery, the rate of cure for stress inconti- 
nence between the two groups did not differ statistically 
(95.5% and 95.7% for the no-hysterectomy and hysterec- 
tomy groups, respectively). This study clearly showed that 
hysterectomy adds little to the efficacy of Burch colposus- 
pension in curing SUI. In general, hysterectomies should 
be performed only for specific uterine pathology or for the 
treatment of uterovaginal prolapse. 


Pregnancy after Retropubic Surgery 


Most physicians suggest that the patient finish childbear- 
ing before surgical correction of stress incontinence is 
attempted. Few data demonstrate the continence status 
when pregnancy or vaginal delivery occurs after a retropubic 
repair or sling. Thus, although surgical treatment for stress 
incontinence generally should be reserved for women who 
have finished childbearing, no data convincingly demon- 
strate that a pregnancy and vaginal delivery would or would 
not be satisfactory for women after retropubic surgery. Most 
surgeons prefer not to place polypropylene midurethral 
slings if the woman desires more pregnancies, although data 
on this are scarce as well. We believe that an elective caesar- 
ean delivery would be an acceptable option for patients who 
become pregnant after a Burch colposuspension, if desired 
after careful review of the pertinent risks and benefits. 
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Introduction 


The concept of using a patient’s own tissue as a “sling” to 
support under the urethra dates to the beginning of the 
twentieth century; however, it was not until the last quar- 
ter of the century that the procedure gained widespread 
appreciation and evolved into its current identity. Initially, 
the procedure was described as using a strip of mobilized 
abdominal muscle (either rectus or pyramidalis). One end 
of the strip was freed from its attachment, passed under the 
bladder neck, and then re-affixed to the abdominal mus- 
cle wall, thus forming a “U”-shaped sling of muscle tissue 
around the bladder outlet. Subsequently, overlying abdomi- 
nal fascia was included in the sling, and eventually replaced 


262 


the muscle altogether. In 1942, Aldridge reported his fascial 
suburethral sling procedure, which is the forerunner of the 
modern pubovaginal sling. Aldridge described the procedure 
as a salvage-type operation for those women who had failed 
previous operations for stress incontinence. For the sling, he 
used rectus fascial strips that remained attached to the ante- 
rior abdominal wall, and were passed bilaterally along the 
urethra, and sutured together under the bladder neck. The 
final innovation involved using an isolated strip of fascia sus- 
pended by free sutures that were then tied to the abdominal 
wall directly or on top of the abdominal rectus sheath. 
Despite its roots as an autologous procedure, many 
different types of materials have been used as sling sub- 
stitutions, including various sources of autologous tissue, 
allografts, xenografts, and synthetic materials. Almost all 
these attempts at substitution have been made to help limit 
patient morbidity, as the procedure requires the additional 
morbidity of a sling tissue harvest site. Nevertheless, the 
most popular variety of the pubovaginal sling remains asso- 
ciated with the use of autologous rectus abdominis fascia. 
Regardless of the material used, the pubovaginal sling 
is meant to be placed at the proximal urethra and blad- 
der neck. The concept of the autologous pubovaginal sling 
involves supporting the proximal urethra and bladder neck 
with a piece of graft material, achieving continence either 
by providing a direct compressive force on the urethra/ 
bladder outlet or by re-establishing a reinforcing platform 
or hammock against which the urethra is compressed during 
increased abdominal pressure. The sling is suspended with 
free sutures on each end that are attached either directly to 
the abdominal wall musculature or more commonly tied to 
each other on the anterior surface of the abdominal wall. 
The long-term success of the procedure relies not on the 
integrity of the suspensory sutures, but rather on the healing 
and fibrotic process involving the sling, which occurs pri- 
marily where the sling passes through the endopelvic fascia. 


Indications 


The pubovaginal sling is a surgical option for both primary 
and recurrent stress urinary incontinence (SUI). Although 
pioneered as a surgical treatment for intrinsic sphincter 
deficiency (ISD), its indications have been broadened to 
encompass all types of SUI. Because of its reliable results 
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and durable outcomes, it is one of the main standards of 
treatment of SUI and has been used extensively as a pri- 
mary therapy of SUI (both for ISD and urethral hyper- 
mobility), as a salvage procedure for recurrent SUI, as an 
adjunct for urethral and bladder reconstruction, and even 
as a way to functionally “close” the urethra to abandon ure- 
thral access to the bladder altogether. Another indication is 
in patients with SUI who decline to have a synthetic mate- 
rial implanted because of long-term concerns related to syn- 
thetic mesh. Also women who have recurrent incontinence 
after a synthetic sling or have had a complication after a 
synthetic sling (such as vaginal erosion) may be good can- 
didates for the autologous fascial sling. Finally, we prefer to 
use an autologous sling in patients who have been irradiated, 
who have had urethral injuries, and those who are under- 
going either simultaneous or prior urethrovaginal fistula or 
diverticulum repair. 


Sling Materials 


With the increasing popularity of primary sling procedures, 
escalating demand for minimally invasive techniques, and 
the need for non-mesh options, numerous materials have 
become available for use in a suburethral sling. Current 
biologic materials can be categorized as autologous fascia, 
allograft fascia, or xenograft fascia. Within these categories, 
different variants can be subgrouped into individual mate- 
rials: autologous (rectus fascia, fascia lata, vaginal wall); 
allograft (freeze-dried irradiated cadaveric fascia lata, solvent 
dehydrated cadaveric fascia lata, fresh frozen cadaveric fas- 
cia lata, cadaveric dermis); and xenograft (porcine dermis, 
porcine intestinal submucosa). Autologous rectus fascia and 
fascia lata are the most common and popular materials in use 
and the standard to which the outcome of other new materi- 
als should be compared. Both have been studied extensively 
and have proven to be efficacious and reliable. Of the two, 
most surgeons prefer rectus fascia as an autologous material 
because of the fact that it is easier and quicker to harvest. 
Application of newer technologies of harvesting tissue 
has made multiple human and animal-based materials avail- 
able. The theoretical rationale for using allografts and xeno- 
grafts for suburethral slings is reinforcement of inherently 
weak endopelvic fascia. Allogenic grafts harvested from 
cadaveric donors are widely used and do not seem to carry a 
significant risk of erosion or infection. Cadaveric fascia lata 
and cadaveric dermis provide reasonable efficacy, although 
durability of results remains an issue, as higher failure rates 
have been reported in some studies. Bovine and porcine der- 
mis, and porcine small intestine submucosa also have dem- 
onstrated acceptable efficacy for SUI, but, again, durability 
remains a concern. The long-term durability of allograft 
fascia continues to be studied, and there seems to be wide 
variability in the quality of tissue depending on its source 
and processing. The type of sling material probably does not 
significantly affect cure rates, provided that the characteris- 
tics of the chosen material are considered carefully. 
Synthetic graft materials of various designs and substances 
have been used as sling material. As with other types of 
synthetic graft materials, monofilament, large-pore weave 
grafts (type I mesh) are recommended for implantation in 
the vagina. Good efficacy can be achieved with synthetic 
mesh; although synthetic mesh also poses risks of serious 


complications, including infection, vaginal extrusion, and gen- 
itourinary erosion. It is currently not usually recommended 
for use underneath the proximal urethra or bladder neck. 


Technique for Harvest of Rectus Fascia 
and Placement of Pubovaginal Sling 


Preoperative Considerations 


We recommend starting vaginal estrogen in postmenopausal 
women with vaginal atrophy at least 4 to 6 weeks before 
surgery. Tissue integrity improves with estrogen and this 
may provide clinical benefits to the patient. No studies have 
been done, however, showing improved outcomes by using 
estrogen before, after, or before and after prolapse or incon- 
tinence surgery. Informed consent should be methodical; it 
is a process rather than a single event. In addition to discuss- 
ing the usual risks encountered in a major operation (infec- 
tion, hemorrhage, injury to adjacent organs, and medical 
and anesthesia complications), a frank conversation should 
take place regarding the expected outcomes, the likelihood 
of SUI recurrence, the potential of voiding dysfunction, and 
the risk of prolonged catheterization. Additionally, because 
the use of a fascial (or other) graft is planned, delineating the 
unique set of risks related to these procedures is prudent. 

Pubovaginal sling procedures are generally carried out 
with the patient under general anesthesia, but spinal or epi- 
dural anesthesia is also possible. Full patient paralysis is not 
warranted, but may facilitate rectus fascia closure after fas- 
cial harvest. Perioperative antibiotics are administered with 
appropriate skin and vaginal floral coverage (e.g., a cepha- 
losporin or fluoroquinolone). Antibiotics should be given 
within 60 min of incision to achieve minimal inhibitory con- 
centrations in the skin and tissues by the time the incision 
is made. This has now become a mandated quality of care 
measure in the United States. 

In general, all patients undergoing vaginal surgery are at 
moderate risk for thromboembolic events and require a pre- 
vention strategy. Low-dose unfractionated heparin (5000 
units every 12 h) or low-molecular-weight heparins (e.g., 
40 mg enoxaparin or 2500 units of dalteparin), an inter- 
mittent pneumatic compression device, or a combination of 
these are recommended. Either form of heparin should be 
started 2 h before surgery and the compression stockings 
placed on the patient in the operating room before incision. 
These treatment approaches should be continued until the 
patient is ambulatory. 


Positioning 

The patient is placed in the low lithotomy position with 
legs in stirrups, and the abdomen and perineum are sterilely 
prepared and draped to provide access to the vagina and 
the lower abdomen. The bladder is drained with a Foley 
catheter. A weighted vaginal speculum is placed and either 


lateral labial retraction sutures or a self-retaining retractor 
system are used to facilitate vaginal exposure. 


Abdominal Incision and Fascial Harvest 


An 8 to 10 cm Pfannenstiel incision is made (approximately 
3-5 cm above the pubic bone) and the dissection is carried 
down to the level of the rectus fascia with a combination of 
electrocautery and blunt dissection, sweeping the fat and 
subcutaneous tissue clear of the fascia (Fig. 19-1). 


Harvest of the rectus abdominis fascia can be carried out 
in a transverse or vertical orientation. Typically, a fascial seg- 
ment measuring at least 8 cm in length and 1.5 to 2 cm 
in width is harvested. The fascial segment to be resected 
is delineated with a surgical marking pen or electrocautery, 
and then incised sharply with a scalpel, scissors, or elec- 
trocautery along the drawn lines. Although virgin fascia is 
preferred, the presence of fibrotic rectus fascia does not 
prohibit its use. If resecting the fascia close and parallel to 
the symphysis pubis, it is advisable to leave at least 1 cm 
attached, so as to facilitate closure and approximation to 
the superior fascial edge. Use of small Army/Navy retrac- 
tors permit retraction of skin edges, thus allowing access 
through a smaller skin incision (Fig. 19-2). 

To prepare the fascial sling for use, a no. 1 permanent 
(e.g., polypropylene) suture is affixed to each end using a 
running stitch to secure the suture to the sling. De-fatting of 
the sling may be done if necessary (Fig. 19-3). 

The fascial defect is closed using a heavy gauge (no. 1 or 
0) delayed absorbable suture in a running fashion. Mobiliza- 
tion of the rectus abdominis fascial edges may be required 
to ensure appropriate tension-free approximation. It is 
important to ensure that adequate anesthesia with muscular 
relaxation/paralysis is present when the closure is being 
done. Although cellulitis and hematomas are not uncom- 
mon, meticulous hemostasis and copious wound irrigation 
are done before skin closure. 


Vaginal Dissection 


Vaginal dissection proceeds with a midline or inverted “U” 
incision. Injectable saline or local analgesic, such as 1% lido- 
caine, may be used to hydro-dissect the subepithelial tis- 
sues. Vaginal flaps are created with sufficient mobility so as 


Low transverse abdominal incision 


_ Mark 4 cm above 
pubic symphysis 
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FIGURE 19.1 Delineate the loca- 
tion of skin incision before initiat- 
ing the procedure. The incision 
should measure 8 to 10 cm and be 
located about 4 cm above the sym- 
physis pubis. A vertical incision is 
also feasible although less esthetic. 


to ensure tension-free closure over the sling. Dissection is 
carried laterally and anteriorly until the endopelvic fascia is 
encountered. The endopelvic fascia is incised and dissected 
from the posterior surface of the pubis to enter the retro- 
pubic space. This dissection can, at times, be done bluntly, 
but often, especially in recurrent cases, requires sharp dis- 
section with Mayo scissors (Fig. 19-4). 


Passing Retropubic Needles or Clamp 


Stamey needles or long clamps are passed through the retro- 
pubic space from the open abdominal wound immediately 
posterior to the pubic bone, approximately 4 cm apart. 
Distal control of the needles is maintained by finger guid- 
ance through the vaginal incision and the tip of the needle is 
advanced adjacent to the posterior surface of the pubic bone 
so as to avoid inadvertent bladder injury. Proper bladder 
drainage must be assured to minimize injury to the bladder, 
which may be closely adherent to the pubis, especially if a 
prior retropubic procedure has been performed (Fig. 19-5). 


Cystoscopy to Rule Out Injury 


Careful cystoscopic examination of the bladder after pass- 
ing the needles is mandatory to rule out accidental bladder 
injury. As the injuries to the bladder typically occur at the 
l and 11 o’clock positions, use of the 70° lens is warranted, 
and the bladder must be completely filled to expand any 
mucosal redundancy. Wiggling the needles or clamps can 
help to localize their position relative to the bladder wall. 


Deploying and Tensioning the Sling 


The free ends of the sutures affixed to the sling are threaded 
into the ends of the Stamey needles or grasped with the 
clamp and each suture is pulled up to the anterior abdominal 
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FIGURE 19.2 Fascial strip resection. After deciding on the optimal location for excision, mark the area with electrocautery or a surgical marking 
pen. Then proceed to resecting strip using a scalpel or electrocautery. The strip should measure 8 to 10 cm and be 1-2 cm wide. If attempting 


to use a small skin incision, Army/Navy retractors may be helpful in enhancing exposure. 


wall through the retropubic space. Care is taken to maintain 
the orientation of the sling so that it is centered and flat at 
the bladder neck (Fig. 19-6). Some surgeons prefer to fix 
the sling in the midline to the underlying periurethral tissue 
with several delayed absorbable sutures; alternatively, it can 
be left unattached and lying free under the bladder neck. 
Various techniques for tensioning the sling are applicable. 
To ensure adequate “looseness,” the author prefers to tie 
the sutures across the midline while holding a right angle 
clamp between the sling material and the posterior urethral 


surface. Tensioning of the sling also may be accomplished by 
direct vision of proximal urethra/bladder neck coaptation 
with rigid cystoscopy while gently pulling up on the free 
ends of the sling sutures. 

The abdominal skin incision is closed with no. 3-0 and 4-0 
absorbable sutures. The vaginal mucosa is closed with no. 
2-0 or 3-0 absorbable sutures. The authors prefer to close 
the vagina after the tensioning procedure has been com- 
pleted, whereas some surgeons complete this step before 
the tensioning. 


Rectus fascia sling marked in the midline 


q 


B 


Ethibond Excel™ suture 
placed on both sides of the sling 
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FIGURE 19.3 Attachment of suspensory arms to the fascial sling. A, Demarcate the midline of the fascial sling with a marking pen then gently 
grasp it with a hemostat. B, Attach a polyester suture (such as Ethibond Excel™) to each of the ends of the fascial sling after stripping it of any 
adipose tissue attached to it. Ensure that the initial entry and exit points of the polyester sutures are on the same side of the strip originally 


abutting the rectus muscles. 


A bladder catheter is left indwelling and a vaginal gauze 
packing is placed. The catheter and vaginal packing may be 
removed after 24 h and a trial of voiding done. If the patient is 
unable to void, she is taught intermittent self-catheterization 
or an indwelling Foley is left in place for 1 week. 


Harvest of Autologous Fascia Lata 


Autologous tissue from the iliotibial fascial band of the lat- 
eral thigh (fascia lata) has been used with great success as an 
alternative to abdominal rectus fascia for pubovaginal sling. 
Although incurring the morbidity of a secondary incision 
at a site remote from the abdomen, harvesting fascia lata 


may be suitable in cases in which abdominal fascia may be 
of poor quality, extensive abdominal procedures have been 
previously performed, or in patients with significant central 
obesity or large pannus. 

Harvest of fascia lata may require separate positioning, 
skin preparation, and sterile draping in addition to that for 
the vaginal procedure. To access the lateral aspect of the 
distal thigh, the leg is medially rotated and adducted. Two 
transverse incisions, approximately 5 to 6 cm in length, are 
made: the distal approximately 4 to 6 cm superior to the 
lateral femoral condyle and the proximal 8 cm cranially to 
the first. The incision is carried down through the fatty tis- 
sue to the level of the fascia, and the fascia cleared either 
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FIGURE 19.4 Vaginal dissection. A, A vertical or inverted U shaped incision is used on the vaginal mucosa overlying the mid-urethra and blad- 
der. B, Careful dissection is carried out to the pubic rami bilaterally until the urogenital diaphragm is identified. Then it is sharply penetrated 
with the help of Mayo scissors. C, To develop the space, the opening created should be digitally enlarged by sweeping the index finger against 


the arch of the symphysis pubis. The same procedure is repeated on the opposite side. 


sharply or bluntly for an appropriate distance to attain a 
graft 8 x 2 cm in size. The fascial strip is harvested, using 
both incisions as needed for exposure. Once the graft is 
removed, the fascial defect is not repaired and the subcu- 
taneous tissue and skin are closed in multiple layers with 
absorbable suture. A Penrose drain can be secured in place 
through a separate stab incision and may be removed after 
24 h. Alternatively, a dedicated fascial stripper may be used 
for graft harvest when a full strip of fascia is desired. 


Outcomes 


Studies show that pubovaginal slings, in general, are highly 
effective with success rates between 50% and 75% (depending 
on definition of cure) when followed for up to 10 years (Norton 
and Brubaker, 2006). In 2011, a review reported 4-year fol- 
low-up with improvement or cure in 100% of patients with 
uncomplicated stress incontinence and up to 93% in the more 
complicated cases (Blavias and Chaikin, 2011). The same 
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FIGURE 19.5 Placement of the sling. A, Insert the Stamey needle through the rectus fascia and guide into the vagina with the index finger 
in contact with the tip of the needle. B, Thread both ends of the polyester suture into the eye of the Stamey needle and then retract carefully 


until the suture ends are delivered abdominally at the level of the fascia. 


author reported that most failures were due to urge inconti- 
nence and happened within the first 6 months postoperatively; 
3% of these urge patients were felt to have developed de novo 
urge incontinence. 

In the majority of reported cases in the literature, the 
suburethral sling procedure has been used predominantly 
as a treatment for patients with recurrent SUI after pre- 
vious anti-incontinence surgeries. Used for recurrent SUI, 


the objective cure rates recorded in the literature range 
between 61% and 100% with a mean cure rate of 85%. The 
cohort literature related to the use of pubovaginal fascial 
sling as a first procedure is limited, but a mean continence 
rate of 94% is quoted by Jarvis (1994). 

Two large cohort studies have been done assessing the 
results of pubovaginal fascial sling for SUI. Morgan et al. 
(2000) reported a long-term follow-up of 247 women with 
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FIGURE 19.6 Tensioning of the sling. Sling tensioning is done by tying the suspensory sutures abdominally above the fascial closure line. 
The sutures are tied across the assistant’s index finger to avoid excessive tensioning. This is done concurrently with a right angle clamp being 


placed between the pubovaginal sling and the vagina. 


types II and III incontinence after rectus fascia pubovagi- 
nal sling. These patients were followed urodynamically, as 
well as with quality-of-life questionnaires. At a mean fol- 
low-up of 51 months (range, 22-68 months), continence 
rates were 88% overall, with a 91% cure rate for type I 
and 84% for type III stress incontinence. Preoperative urge 
incontinence resolved in 81 of 109 patients (74%), whereas 


de novo urgency developed in 7% of women. Secondary 
procedures were required in 14 patients for management 
of incontinence, and five required urethrolysis. Of the 247 
women, 235 (95%) completed questionnaires, and 92% 
reported a high degree of satisfaction with low symptom 
distress scores. In another study by Chaikin et al. (1998), 
251 patients were followed for more than 1 year after a 
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fascial sling; 92% of patients were objectively cured or 
improved. Most of the postoperative incontinence was urge 
incontinence. Permanent urinary retention developed in 2% 
of patients. 

In one of the most important studies to date, 655 
women with SUI were randomized to rectus fascia pubo- 
vaginal sling or Burch colposuspension (Albo et al., 2007). 
At 24 months after surgery, success rates were higher for 
women who underwent the sling procedure than for those 
who underwent Burch colposuspension, for both the overall 
category of success (47% versus 38%; P = 0.01) and the 
category specific to stress incontinence (66% versus 49%; 
P < 0.001). However, more women who underwent the 
sling procedure had urinary tract infections, difficulty void- 
ing, and postoperative urge incontinence. 

In a systematic review and meta-analysis of SUI surgeries 
by Novara et al. (2010), retropubic mid-urethral synthetic 
slings and autologous pubovaginal slings were similarly effec- 
tive, although pubovaginal slings had more voiding problems 
after surgery. The Cochrane Review from 2011 identified 
26 trials involving 2284 patients. The quality of evidence 
was moderate and follow-up generally short. Pubovaginal 
slings seem to be as effective as minimally invasive mid-ure- 
thral slings, but with higher rates of adverse events, such as 
voiding dysfunction and de novo urge (Rehman et al., 2011; 
Ogah et al., 2011). 

The intermediate and long-term results for suburethral 
slings suggest that the 10-year continence rate is similar 
to the 1-year continence rate. In fact, Bidmead and Car- 
dozo (2000) noted that if sling procedures are successful 
after 6 months, they are likely to remain successful for 
many years. 


Complications 
Lower Urinary Tract Injury 


Injury to the bladder or urethra can result from any of the 
vaginal procedures previously described for stress inconti- 
nence. This can occur during the dissection of the vaginal 
epithelium off the underlying fascia or during the lateral dis- 
section below the inferior pubic ramus, which is performed 
for certain needle procedures and suburethral sling proce- 
dures. Injury to the urethra and bladder are more common 
in patients who have had previous anterior vaginal wall or 
bladder neck surgery. Cystotomy and urethrotomy should 
be repaired in layers at the time of the injury and continuous 
bladder drainage instituted postoperatively for 7 to 14 days 
to allow adequate healing. 

Needle suspension-related injury to the bladder can 
occur during needle insertion or suprapubic transfer of 
suspension sutures. Inadvertent stitch penetration into 
the bladder lumen is more common in modifications, 
such as the Stamey or Gittes procedure, that entail 
blind passage of the needle ligature through the retro- 
pubic space. Intraoperative cystoscopy is mandatory and 
should identify bladder injury or stitch penetration. If 
an intravesical suture is noted, it should be removed and 
passed again under direct finger guidance. Unrecognized 
injury or suture penetration in the bladder lumen may 
result in postoperative detrusor overactivity, persistent 
urinary tract infection, or formation of bladder calculi. 


Injury to the ureter during vaginal operations for stress 
incontinence is rare. 

Should inadvertent bladder injury occur during retro- 
pubic passage of the Stamey needles and be recognized in 
a timely manner on cystoscopy, the needle can simply be 
withdrawn and re-passed through the retropubic space and 
the procedure continued as planned. Unrecognized blad- 
der injury can result in serious complications related to 
foreign body reactions in the bladder, including suture and 
sling erosion into the bladder, stone formation, and voiding 
dysfunction. 


Pelvic Visceral Injuries and Blood Loss 


Pelvic visceral injuries and pelvic hematomas are rare and 
can be avoided or minimized by adequate dissection of the 
endopelvic fascia and retropubic space and careful needle 
passage in close proximity to the posterior surface of the 
pubic bone with distal needle control with the surgeon’s 
finger. If an inadvertent cystotomy or urethrotomy were 
to occur, the injury should be appropriately repaired. In 
contrast to synthetic sling placement, which would com- 
monly require aborting the procedure, a biologic sling 
could still be placed after concurrent intraoperative repair 
of the injury. 


Miscellaneous Surgical Complications 


Superficial wound infection, subcutaneous seromas, and 
abdominal fascial hernias are uncommon. In obese patients, 
the use of a subcutaneous drain may be necessitated to pre- 
vent fluid loculations. Sling erosions with autologous tissue 
are exceedingly rare. 


Voiding Dysfunction 


As with Burch colposuspension, most of the chronic compli- 
cations after sling procedures relate to voiding dysfunction 
and urge symptoms. The mean incidence of postoperative 
voiding disorders is 12.8% (range, 2-37%). Long-term self- 
catheterization has been reported in anywhere between 
1.5% and 7.8% of patients, although a figure of 2% may be 
more realistic. Urge incontinence after slings, like colposus- 
pension, occurs in 3% to 30% of cases and can be a persistence 
of preexisting urge symptoms or de novo development 
(about 7%). Vaginal and urethral erosions occur in up to 5% 
of patients, mostly after synthetic slings. Sling revision or 
removal is reported to occur in 1.8 to 35% of patients after 
synthetic slings. Modifications designed to achieve greater 
stabilization, such as anchorage to the pubic bone, do not 
seem to result in improvement over existing techniques and 
carry a risk of osteomyelitis at the site of anchorage. 
Studies have reported development of de novo urgency 
and storage symptoms in up to 23% of the patients with 
11% of patients reporting voiding dysfunctions and up to 
7.8% requiring long term self-catheterization (Norton and 
Brubaker, 2006). The few randomized controlled trials 
(RCTS) comparing pubovaginal slings to tension-free vaginal 
tape (TVT) have had flawed methodology, thus their out- 
comes are questionable (Novara et al., 2010). Basok et al. 
(2008) showed an increased rate of de novo urgency in the 
pubovaginal sling group compared to intravaginal slingplasty, 
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whereas Sharifiaghdas and Mortazavi (2008) showed equal 
efficacy between pubovaginal and retropubic mid-urethral 
synthetic slings on follow-up. The most scientifically valid 
RCT was by Arunkalaivanan and Barrington (2003) and it 
showed equal subjective cure rates as well as complication 
rates when a biologic pubovaginal sling was compared with 
TVT. In this study, the pubovaginal sling was of porcine 
origin. When comparing autologous versus allograft slings, 
Flynn and Yap (2002) showed equal effectiveness in control 
of stress incontinence over 2 years with reduced postop- 
erative discomfort in the allograft group. Both groups had 
recurrent SUI develop in up to 10% of patients. Autologous 
pubovaginal slings were compared to Burch colposuspen- 
sion, in a multicenter RCT (SISTEr trial), which showed 
superiority of fascial slings in controlling incontinence, 
despite an increased morbidity profile (Albo et al., 2007). 
In a meta-analysis in 2010, pubovaginal and mid-urethral 
synthetic slings were compared noting equal subjective cure 
rates and equal overall effectiveness being reported. 
Transient urinary retention may occur in up to 20% of 
patients and requires intermittent self-catheterization until 
resolution (typically 2-4 weeks). Prolonged (persisting 
greater than 4-6 weeks) postoperative voiding dysfunction, 
including de novo urgency, urgency incontinence, and/or 
obstructive symptoms, may occur to some degree in up to 
25% of patients. Less than 3% of women require subsequent 
urethrolysis for treatment of prolonged retention/obstruc- 
tive voiding symptoms. Some surgeons routinely teach 
patients intermittent self-catheterization in the preopera- 
tive period to facilitate its use, if necessary, postoperatively. 


Technical Tips 


Given that substantial bleeding can occur during vaginal dis- 
section, harvesting the autologous fascia and preparing the 
sling by affixing sutures should be performed first, before 
vaginal dissection, such that the sling may be inserted and 
deployed in a timely manner and blood loss can be mini- 
mized. Retropubic bleeding occurring during dissection will 
almost always resolve with sling placement and time should 
not be expended with prolonged attempts at hemostasis. 

When performing an autologous pubovaginal sling in the 
setting of urethral reconstruction (e.g., urethrovaginal fis- 
tula or diverticulum resection) or as tissue interposition, 
harvesting fascia, preparing and deploying the sling with pas- 
sage of the retropubic sutures, but not tensioning, should all 
be performed before the delicate urethral reconstruction. 
Once the reconstruction is finished, the sling can be affixed 
in the appropriate location and tensioned. Damage to the 
reconstruction can occur through traction or direct injury if 
the sling is deployed after reconstruction. 

Surface orientation of the autologous sling material dur- 
ing placement of the graft does not matter; by convention, 
the body “side” or underside of the graft is placed on the 
body “side” of the patient. 

Sling tensioning, for most women, can be accomplished 
with the “two finger” distance over the fascia. However, 
in women who have had multiple procedures and have a 
non-mobile urethra, the sling tension should be more sig- 
nificant, using a one finger breadth knot with concomitant 
cystoscopic evidence of an impression (“lip or ledge”) being 
created on the ventrum of the urethra. 
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Introduction 


Synthetic midurethral slings (MUSs) have become the 
most popular surgical procedures performed for the treat- 
ment of stress urinary incontinence (SUI) in the twenty- 
first century. Few operations in gynecology or urology have 
been as well studied, or have gained such wide acceptance. 
These procedures generally have been shown to be mini- 
mally invasive with a high efficacy, low morbidity, and a rela- 
tively quick recovery. This chapter discusses the currently 
available synthetic MUS kits on the market. Because the 
efficacy data are few, we do not discuss variations that use 
biologic materials for the slings. A complete discussion of 
autologous fascia bladder neck slings is found in Chapter 19. 


Synthetic Retropubic MUSs 


Retropubic MUSs were developed in the mid-1990s in an 
attempt to create a minimally invasive surgical treatment 
for SUI. Until this time incontinence procedures aimed at 
suspending or supporting the proximal urethra and bladder 
neck. Ulmsten and Petros (1995) described a rationale for 
a more distally placed suburethral sling based on concepts 
they termed the “integral theory.” This theory was based 
on the presumption that the pubourethral ligaments sup- 
port the midurethra and attach to the pubic bones, acting 
as a backboard for the midurethra. This backboard allows 
for compression of the midurethra against it when intra- 
abdominal pressure increases and thus maintains conti- 
nence. The concept states that the absence of the backboard 
support causes a loss of this watertight seal, and SUI devel- 
ops. By passing a strip of supportive material (loosely woven 
polypropylene) under the midurethra in women with SUI, 
this “backboard” action could theoretically be replicated. 
The strip of polypropylene is to be left loose or “tension- 
less,” and direct compression of the urethra is avoided. 
In its earliest configuration, placement of the MUS was 
achieved through an anterior vaginal wall dissection at the 
level of the midurethra. Placement of the sling material was 
accomplished by passing the arms of the tape in a retropubic 
fashion through the anterior abdominal wall with the aid of 
specially designed trocars. 
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FIGURE 20.1 Tension-free vaginal tape instrumentation, including 
(clockwise from top) a Foley catheter guide, needle introducer/han- 
dle, and specially designed needles attached to synthetic suburethral 
sling tape. (Courtesy Ethicon Inc., Somerville, NJ.) 


Sling Manufacturer Trocar Passage 

TVT, TVT Exact Ethicon, Bottom-up 
Sommerville, NJ 

SPARC American Medical Top-down 
Systems, 
Minnetonka, MN 

RetroArc American Medical Bottom-up 
Systems 

Lynx suprapubic Boston Scientific, Top-down 
Natick, MA 

Advantage Boston Scientific Bottom-up 

Align retropubic Bard Medical, Bottom-up and 
Covington, GA top-down 


The first commercially available retropubic MUS was the 
tension-free vaginal tape, or TVT (Gynecare, Somerville, 
NJ) (Fig. 20.1), which consisted of a narrow polypropylene 
mesh strip with two specially designed trocars. The trocars 
were inserted through a small vaginal incision and passed 
on each side of the urethra through the retropubic space 
to two exit locations in the suprapubic area of the anterior 
abdominal wall. Passage of the trocars from the vaginal inci- 
sion to the anterior abdominal wall has been described as 
the “bottom-up” approach. Several other retropubic sling 
“kits” (Box 20.1) with minor modifications also are avail- 
able, including a “top-down” approach whereby the trocars 
are passed retropubically from the anterior abdominal wall 
to the vaginal incision, and the tape is attached to the vagi- 
nal end of the trocar and then pulled back up through the 
retropubic space to the abdominal wall. 


Indications, Patient Selection, and 
Types of Slings 


The indications for retropubic MUS placement include 
symptomatic SUI or occult stress incontinence significantly 
affecting the patient’s quality of life. Patients should have 
failed all conservative treatments for SUI. Initial stud- 
ies assessing functionality of the retropubic MUS mostly 
included “ideal” women—those who were not obese (body 
mass index >35 kg/m?), who had stress-predominant incon- 
tinence with a mobile urethra, and who had no prolapse. 


In time, studies also documented excellent outcomes in 
women who were overweight, had recurrent or mixed uri- 
nary incontinence, had intrinsic sphincter deficiency (ISD) 
with a lack of urethral hypermobility, and in whom the pro- 
cedure could be performed in conjunction with a vaginal 
prolapse repair. Retropubic anatomy, prior surgery, body 
habitus, and surgeon experience are important variables to 
consider in surgical planning. 

Absolute contraindications to the procedure include any 
important structure potentially in the path of the trocars or 
sling, such as a pelvic kidney or vascular graft, low ventral 

ernias, pregnancy, and active oral anticoagulation. Relative 
contraindications include any previous condition that would 
put the patient at a high risk for significant pelvic adhesions, 
creating the risk for small bowel to be firmly adhered to 
the back of the pubic bone, such as a history of a ruptured 
appendix with peritonitis or stage 4 endometriosis. In such 
circumstances, a transobturator sling would be a preferred 
procedure because the retropubic space would be com- 
pletely avoided. 

Other patients in whom a synthetic sling is probably 
inappropriate include those who are undergoing concurrent 
or have undergone prior urethral reconstruction. Examples 
of such clinical situations include urethral diverticulectomy, 
urethrovaginal fistula repair, or urethral injury secondary to 
prior sling placement or pelvic fracture. Although there are 
no reports of MUSs being used in this setting, experience 
with synthetic material in the setting of urethral reconstruc- 
tion has demonstrated a high rate of erosion (Morgan et al., 
1985). In contrast, excellent outcomes have been reported 
with the use of a biologic pubovaginal sling (see Chapter 
19) in the setting of reconstruction, with an 88% cure rate 
after diverticulectomy in 16 patients and an 86% cure rate 
after genitourinary fistula repair in seven patients, with no 
reported erosions (Carey et al., 2002). Also, a synthetic 
MUS is not the preferred procedure in the case of neuro- 
genic incontinence, such as in a patient with spina bifida. 
Because patients with neurogenic incontinence are already 
dependent on clean intermittent self-catheterization, a ten- 
sion-free MUS may not provide the necessary compression 
to achieve continence in between catheterizations. Biologic 
pubovaginal slings have been used successfully in patients 
with neurogenic causes of SUI, successfully providing 
occlusion at the bladder neck, with continence rates of 95% 
in one study (Austin et al., 2001). 

As previously mentioned, the initial TVT system was 
classified as a bottom-up technique. An alternative system 
called SPARC (American Medical Systems, Minnetonka, 
MN) was developed a few years later; in SPARC, the 
trocar passes from the suprapubic region down into the 
vagina (top-down technique). A meta-analysis by Ogah 
et al. (2009) comparing five randomized controlled trials 
of TVT versus SPARC systems showed that the TVT had 
higher subjective and objective cure rates of 85% and 92%, 
respectively, compared with 77% and 87% for SPARC. The 
same study showed significantly lower complication rates 
in the patients receiving TVT (fewer bladder perforations 
and mesh erosions and less voiding dysfunction). However, 
these findings have not been consistently shown in other 
single-arm series, which have demonstrated comparable 
efficacy and low complication rates with the top-down 
technique compared to TVT. 
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Pubic bone 


Tendon of 
adductor longus 


of pubis 


Surgical Technique 


Bottom-to-Top 


1. Preoperative considerations. Single-dose intravenous 


perioperative antibiotics are given for skin and vaginal 
flora coverage. The antibiotic classes commonly used 
include intravenous cephalosporins and fluoroquino- 
lones. Antiembolic prophylaxis is given as indicated. 
Sterile urine should be confirmed before the proce- 
dure; some physicians postpone surgery if an active 
urinary tract infection is documented. 


. Patient positioning and preparation. The patient is 


positioned in the dorsal lithotomy position, with legs 
supported in Allen or candy cane stirrups and all pres- 
sure points padded appropriately. The perineum and 
vagina are prepared, and surgical draping is placed to 
allow access to the vagina and suprapubic area. 


3. Anesthesia. We prefer to use general anesthesia; how- 


ever, some surgeons prefer intravenous sedation with 
local anesthesia to allow the cough stress test to be 
performed to facilitate appropriate tensioning of the 
sling. Because approximately 50% of cases are done in 
conjunction with a prolapse repair, all surgeons need 
to be well versed in tensioning techniques under gen- 
eral anesthesia (see step 8). 


4. Vaginal dissection. The anterior vaginal wall is 


hydrodissected with a combination of lidocaine and 
epinephrine, with the goal of completely blanching 
the anterior vaginal wall at the level of the mid- to 
distal urethra. A scalpel blade is used to make an inci- 
sion from just below the external urethral meatus to 


Tunnels created toward 
ipsilateral shoulder of each side 


FIGURE 20.2 Vaginal incision for a 
retropubic midurethral sling. Tun- 
nels are created bilaterally to allow 
trocars to come into direct contact 
with the inferior pubic ramus. 


the level of the midurethra. The vaginal wall is sharply 
dissected with Metzenbaum scissors off the poste- 
rior urethra, creating small tunnels to the inferior 
pubic ramus (Fig. 20.2). Sharp dissection is required 
because the distal anterior vaginal wall and posture- 
thra are fused at this level. Some physicians prefer 
to hydrodissect along the trocar trajectory bilaterally 
before passing the trocars. 


. Trocar passage. A catheter guide is placed in the 


indwelling Foley catheter so that the urethra and 
bladder neck can be displaced away from where 
the trocar is inserted. The trocar tip is inserted 
into the previously dissected tunnel on each side, 
lateral to the urethra, and advanced to the under- 
surface of the pubic bone. The tip of the trocar 
should be sandwiched between the index finger 
of the surgeon’s nondominant hand placed in the 
anterior vaginal fornix and the undersurface of the 
interior pubic ramus. Care is taken not to “button- 
hole” into the vaginal lumen at the fornix. The tip of 
the needle is carefully advanced through the endo- 
pelvic fascia into the retropubic space (Fig. 20.3). 
When the resistance of the endopelvic fascia is over- 
come and the tip of the needle is in the retropubic 
space, the handle of the trocar is dropped, and the 
needle is advanced through the retropubic space 
as it hugs the back of the pubic bone (Fig. 20.4). 
The next resistance felt is the rectus muscle and 
anterior abdominal fascia. The needle is advanced 
through these structures to exit through the previ- 
ously made suprapubic stab wound (see Fig. 20.4). 
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Catheter guide in Foley 
allowing deflection of the 
urethra in opposite direction 
of the needle 


TVT trocar is sandwiched 
between inferior pubic ramus 
and index finger of nondominant 
hand in anterior vaginal fornix 


Needle is aimed toward ipsilateral 
shoulder and penetrates 
urogenital diaphragm 


Finger in vaginal wall 
protecting underlying 
urethra 


FIGURE 20.3 Technique for initial passage of trocars through the vaginal incision toward the retropubic space. 


Figure 20.5 illustrates the appropriate passage of the 
needle through the retropubic space when viewed 
from above, as well as examples of incorrect passage 
of the trocar. 

. Cystoscopy. Careful cystoscopy is performed with a 
30- and 70-degree scope to evaluate the bladder for 
inadvertent trocar injury with the trocar in place. If 
such an injury were to occur, it would generally be 
visualized in the anterolateral aspect of the bladder 
(usually the area between 1 o’clock and 3 o’clock 
on the left side and 9 o’clock and 11 o’clock on 
the right side). If the trocar is seen or there is any 
creasing of the bladder mucosa that does not dis- 
appear with bladder distention, the trocar should 
be withdrawn and repassed. When the bladder is 
perforated (which occurs in approximately 3-5% 
of cases), it is most often because the surgeon has 
allowed the trocar to migrate too medially, or away 
from the back of the pubic bone in a cephalad direc- 
tion (see Fig. 20.4A and C). During repassing of the 
trocar, great care should be taken to hug the back 
of the pubic bone. In such cases, the patient may 
still proceed with the postoperative voiding trial 
without the need for discharge with an indwelling 


catheter because the bladder perforation is very 
small and usually in a high, nondependent portion 
of the bladder. If excessive hematuria is present or 
if the base or trigone of the bladder is perforated, 
postoperative bladder drainage should be continued 
for at least a few days. 


. For passage of the sling, the trocar tips are discon- 


nected from the handle, and the mesh and its plas- 
tic sheath are pulled up through the suprapubic stab 
wound along the trocar trajectory. 


. Tensioning. Sling tensioning is very subjective. It may 


be done using a No. 8 Hagar dilator or surgical clamp, 
such as a right-angled clamp inserted between the pos- 
terior urethra and the suburethral portion of the sling 
if the patient is receiving general anesthesia (Fig. 20.6). 
Some surgeons prefer to perform the procedure using 
a local anesthetic and use a cough stress test. Regard- 
less of tensioning technique, the ultimate end point is 
to create a laxity in the mesh manifested by a ricochet 
of the mesh back toward the urethra if it is pulled on 
vaginally using a right-angled clamp as well as avoid- 
ing direct contact of the mesh with the underside of 
the urethra. Then the plastic sheaths covering the 
mesh matrix are removed, and tension of the mesh is 
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Needle exiting through 
suprapubic incision 


rechecked. The mesh is suprapubically resected flush 
with the skin, making sure the skin is mobilized away 
from the mesh ends before skin closure (see Fig. 20.6). 


9. The vaginal wound is copiously irrigated and closed 


with a running 3-0 polyglycolic acid suture. The 
suprapubic stab wounds are closed with an absorbable 
suture or liquid tissue adhesive. Vaginal packing may 
be inserted temporarily at the completion of the sur- 
gery if the patient is bleeding or if concurrent prolapse 
procedures have been performed. 


10. The catheter may be removed, along with the vaginal 


packing, in the recovery room, and the patient is dis- 
charged after confirming voiding efficiency. 


Top-to-Bottom 


1. Vaginal dissection. The vaginal incision should be larger 


than that described for the bottom-to-top technique 
because the dissection should allow the index finger 
of the surgeon’s nondominant hand to be placed into 
the incision to pick up the tip of the needle as it passes 
into the vaginal incision (Fig. 20.7). 


2. Top-to-bottom trocar passage. Before passage of the 


trocars, complete drainage of the bladder is ensured. 
At the previously marked puncture sites in the supra- 
pubic region, a stab incision is made on each side. The 
incisions should be well within the pubic tubercles 


Handle dropped and 
needle hugs closely the 
back of pubic bone 
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FIGURE 20.4 Technique for pas- 
sage of trocars through the retro- 
pubic space. 


bilaterally. A trocar is inserted into the first of the 
suprapubic incisions aligned with the sagittal axis of 
the body and then carefully punctures through the 
anterior rectus sheath. By angling caudally and “walk- 
ing off” the superior posterior edge of the pubic bone, 
the trocar is advanced into the retropubic space, 
maintaining close contact with the posterior surface 
of the pubic bone. Concurrently, the surgeon’s finger 
is inserted into the previously dissected periurethral 
space on the ipsilateral side to control the distal tip 
of the trocar. In a controlled manner, the trocar is 
progressively advanced until the tip is visible in the 
vaginal incision. Cystoscopy, as previously described, 
is performed to confirm that the needle did not pen- 
etrate the bladder. The same maneuver is performed 
on the contralateral side (Figs 20.8 and 20.9). 


. Loading the mesh. The mesh is attached to the trocars, 


and the trocars are withdrawn through the suprapu- 
bic stab wounds. The sling is tensioned and tension is 
tested as previously described for the bottom-to-top 
technique (Fig. 20.6). 


Outcomes 


The Cochrane Library published in 2009 a meta-analysis 
of minimally invasive suburethral sling operations for SUI 
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FIGURE 20.5 Correct placement of the tension-free vaginal tape (TVT) trocar into the retropubic space. Incorrect TVT placements include: 
A, Placement of the TVT device through the bladder, typically at its lateral edge or slightly near the dome. B, Lateral deviation of the trocar 
either due to aiming it lateral to the ipsilateral shoulder or to external rotation of the device. C, Placement of the trocar too cephalad and 
lateral so that it approaches the obturator neurovascular bundle. D, Significant lateral deviation of the trocar, risking damage to the external 


iliac artery or vein. 


(Ogah et al., 2009); overall 62 randomized studies involv- 
ing 7101 women were included. Short-term cure rates for 
retropubic MUS were between 73% and 82%, and the qual- 
ity of evidence was moderate for most trials. A number of 
important conclusions came from this Cochrane review. 

e Minimally invasive synthetic suburethral sling opera- 
tions seemed to be as effective as traditional subure- 
thral fascial slings (8 trials, n = 599, risk ratio (RR) 
1.03, 95% confidence interval (CI) 0.94-1.13) but had 
shorter operating times and less postoperative voiding 
dysfunction and de novo symptoms of urgency. 

e Minimally invasive synthetic suburethral sling opera- 
tions seemed to be as effective as open retropubic 


colposuspension (subjective cure rate at 12 months: 
RR 0.96, 95% CI 0.90-1.03; at 5 years: RR 0.91, 95% 
CI 0.74-1.12), with fewer perioperative complica- 
tions, less postoperative voiding dysfunction, shorter 
operative time, and shorter hospital stay but signifi- 
cantly more bladder perforations (6% versus 1%; RR 
4.24, 95% CI 1.71-10.52). 

There was conflicting evidence about the effective- 
ness of minimally invasive synthetic suburethral sling 
operations compared to laparoscopic colposuspension 
in the short term (objective cure: RR 1.15, 95% CI 
1.06-1.24; subjective cure: RR 1.11, 95% CI 0.99- 
1.24). Minimally invasive synthetic suburethral sling 


Needles 
cut off 


Loose fit of sling 
at midurethra 


Proper tension is determined 
and then plastic sheaths are 
removed 


Right-angled clamp 
placed between sling 
and urethra 


FIGURE 20.6 Technique for tensioning a retropubic sling. 


operations had significantly less de novo urgency and 
urgency incontinence and shorter operating time, hos- 
pital stay, and time to return to daily activities. 

A retropubic bottom-to-top route was more effective 
than top-to-bottom route (RR 1.10, 95% CI 1.01- 
1.20) and incurred significantly less voiding dysfunc- 
tion and fewer bladder perforations and tape erosions. 


e Monofilament tapes had significantly higher objec- 


tive cure rates (RR 1.15, 95% CI 1.02-1.30) 
compared with multifilament tapes and fewer 
tape erosions (1.3% versus 6%; RR 0.25, 95% CI 
0.06-1.00). 

The objective cure of the obturator route was less 
favorable than that of the retropubic route (84% 
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FIGURE 20.7 Vaginal incision and dissection for top-to-bottom retropubic midurethral sling. 


versus 88%; RR 0.96, 95% CI 0.93-0.99; 17 tri- 
als, n = 2434), although there was no difference in 
subjective cure rates. However, there was less void- 
ing dysfunction, blood loss, and bladder perforation 
(0.3% versus 5.5%; RR 0.14, 95% CI 0.07-0.26) and 
shorter operating time with the obturator route. 
Many studies have shown consistent and reliably good 
effectiveness of retropubic MUS for treating SUI. The larg- 
est randomized controlled study comparing retropubic and 
transobturator slings (Trial of Mid-Urethral Slings) with a 
strict definition of cure showed retropubic sling subjec- 
tive and objective cure rates of 62% and 81%, respectively 
(Richter et al., 2010). Objective cure of the retropubic 
MUS sling was about 3% better than that of transobturator 
MUS, a nonsignificant difference. Treatment success also 
seems to persist for many years. A prospective cohort study 
reported 11-year follow-up after TVT slings and showed a 
subjective cure rate of 77% (Nilsson et al., 2008). 
Earlier studies comparing retropubic MUS with open 
colposuspension procedures (a 2012 Cochrane review 


(Lapitan and Cody, 2012) and the Ward and Hilton (2008) 
trial with 5-year follow-up) showed similar cure rates with 
open Burch colposuspension and TVT. 


ISD and Recurrent Incontinence 


Although there is no standardized definition, ISD has been 
defined in the literature based on the urodynamics findings 
of Valsalva leak point pressure of less than 60 cmH 2O or 
maximum urethral closure pressure of less than 20 cmH,0. 
Women with ISD usually have more severe incontinence 
with higher risk of treatment failure, and before the devel- 
opment of synthetic sling kits, biologic bladder neck slings 
had been recommended in such cases, with cure rates of 
80% to 85%. Numerous studies to date have reported good 
success with retropubic TVT in women with ISD. Reza- 
pour et al. (2001) first reported their favorable and durable 
results using TVT in 49 women with ISD (defined maxi- 
mum urethral closure pressure <20 cmH,0O, not Valsalva 
leak point pressure), with a cure rate of 74% and signifi- 
cant improvement in 12% of cases. Only eight patients did 
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not have urethral hypermobility (as defined by Q-tip test 
>30°), and of the seven failures, five had fixed urethras. 
Although the numbers were small, the authors suggested 
that lack of hypermobility may be a risk factor for failure. 
Numerous subsequent studies compared retropubic 
with transobturator approaches in patients with ISD using 
the previously mentioned urodynamics criteria. Jeon et al. 
(2008) retrospectively compared TVT, transobturator tape 
(TOT), and pubovaginal sling in women with ISD followed 
for 2 years. Patients with TVT had a cure rate of 86.9%, 
which was similar to the cure rate of 87.3% seen with the 


ress Urinary Incontinence and Pelvic Organ Prolapse 


` Paired 1-cm 
\ suprapubic incisions 


Finger deflecting 
catheterized urethra 


FIGURE 20.8 Technique for pas- 
sage of top-to-bottom trocar 
through vaginal incision. 


pubovaginal sling; in contrast, the TOT group had a cure 
rate of only 34.9% (P < 0.0001). At 31 months, Gungorduk 
et al. (2009) found cure rates of 78.3% using TVT versus 
52.5% using TOT and reported that TOT was five times 
more likely than TVT to fail in women with ISD. In a pro- 
spective, randomized study addressing this issue, Schierlitz 
et al. (2008) randomly assigned 164 women with ISD to 
TVT or TOT, with the primary outcome of urodynamic SUI 
at 6 months. After urodynamic testing, 21% of the TVT 
group versus 45% of the TOT group had SUI (P = 0.004). At 
3 years, 20% of women in the TOT group underwent repeat 
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FIGURE 20.9 Side view illustrating how a top-to-bottom trocar should hug the back of pubic bone. 


surgery to correct SUI compared with only 1.4% in the TVT 
group (Schierlitz et al., 2012). Nager et al. (2011) showed 
that lower Valsalva leak point pressure or maximum urethral 
closure pressure resulted in a nearly twofold increased risk 
of SUI 1 year after both retropubic or transobturator MUS. 

Regarding the effectiveness of MUSs in recurrent SUI, 
Pradhan et al. (2012) reviewed the literature and found 
that the overall subjective cure rate following midurethral 
sling for recurrent SUI after any previous surgery was 78.5% 
after about a 30-month follow-up. There seems to be a 
lower cure rate with TOT compared to retropubic sling for 
recurrent SUI (Pradhan et al., 2012). 


Urethral Mobility 


The studies noted earlier suggest that retropubic slings work 
relatively well for patients with ISD, whereas transobturator 
slings may not work as well. In contrast, a retrospective study 
by Rapp et al. (2009) found no difference between retropubic 
and transobturator slings in women with ISD, with success 


rates of 76% and 77%, respectively. Constantini et al. (2008) 
also reported no difference between TVT and TOT in women 
with ISD; they used a subset analysis of their randomized con- 
trolled trial—all of their patients had urethral hypermobility 
ranging from 43° to 90° as measured by the Q-tip test. They 
found no difference in outcomes between 45 patients with 
TVT and 50 patients with TOT at 35 months (68% versus 
76%, respectively). Although this was a post hoc analysis that 
was underpowered to detect a difference, it does suggest that 
patients with ISD who have concurrent hypermobility may 
show similar outcomes with both TVT and TOT slings. 

A study by Haliloglu et al. (2010) examined the effect 
of ISD and urethral hypermobility in 65 patients with TOT 
by dividing them into 3 groups: ISD with hypermobility 
(n = 18), ISD with fixed urethra (n = 16), and hypermobil- 
ity without ISD (n = 31). At 24 months, the 2 groups with 
hypermobility with and without ISD had similar cure rates 
(87.5% and 96.4%, respectively). However, patients with no 
hypermobility had a significantly lower cure rate (66.7%). 
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Hypermobility was also a predictive factor of treatment 
failure in patients undergoing TVT in studies by Fritel et al. 
(2002) (success rates of 92% with Q-tip test >30° versus 
70% for Q-tip test <30°) and Richter et al. (2011) (Q-tip 
<30° had an odds ratio of 1.89 for treatment failure). ISD, 
which was defined in this study as maximum urethral closure 
pressure less than 20 cmH3;0, had no effect on success rate. 
The literature seems to indicate retropubic and transobtura- 
tor MUS procedures are effective in treating patients with 
ISD and hypermobility; however, the less mobile urethra is 
a risk factor for transobturator sling failure, and a retropubic 
approach may be favored in these cases. 


Mixed Stress and Urge Incontinence 


Ina systematic review of the effectiveness of MUS in mixed 
urinary incontinence, Jain et al. (2011) found that there was 
a persistent and good cure of the stress component (85-97%) 
but a variable and lower cure of the urgency and urge incon- 
tinence component (30-85%). Retropubic and transobtura- 
tor MUS had similar subjective cure of mixed incontinence. 


Obesity 


Both safety and effectiveness are important when assessing 
surgical procedures. Multiple studies reported no significant 
difference in outcomes in obese patients undergoing long- 
term follow-up. However, a meta-analysis in 2008 showed 
a statistically significant difference in SUI cure rates: 81% 
in obese patients versus 85% in nonobese patients. De novo 
urge incontinence did not vary between the two groups, but 
the rate of persistent urge incontinence was significantly 
higher in obese patients. When comparing safety, the same 
meta-analysis showed that obese patients had a statistically 
significant lower rate of bladder perforation. 


Avoiding and Managing Complications 


Complications of retropubic MUS procedures include bladder 
perforation, pelvic visceral injuries, vascular injuries and hem- 
orrhage, mesh erosion and exposure, de novo development of 
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FIGURE 20.10 The relationship of 
the tension-free vaginal tape (TVT) 
needle to the vascular anatomy of 
the anterior abdominal wall and 
retropubic space. Numbers repre- 
sent the mean distance from the 
lateral aspect of the TVT needle 
to the medial edge of the vessels. 
a, artery; v, vein. (From Cleveland 
Clinic, with permission.) 


urgency and urge incontinence, bladder outlet obstruction, pel- 
vic pain, and urinary tract infection. Retropubic MUS have a 
higher frequency of bladder perforation, postoperative voiding 
dysfunction requiring surgical intervention, and urinary tract 
infections than transobturator MUS (Richter et al., 2010). 

Bladder perforation occurs in 3% to 5% of cases and is 
simply managed by removing and carefully reinserting the 
trocar. However, if a large injury has been encountered in a 
dependent portion of the bladder (trigone or bladder base), 
prolonged drainage or, rarely, aborting the procedure is rec- 
ommended. Mesh immediately adjacent to a bladder injury 
can result in erosion into the urinary tract. If urethral injury 
is noted, the procedure is preferably abandoned until com- 
plete healing has occurred to reduce the likelihood of ero- 
sions of mesh into the urethra. 

Depending on the amount, bleeding may indicate tro- 
car-induced injury to pelvic vessels including paravesical 
veins, accessory obturator vessels, obturator vessels, super- 
ficial or inferior epigastric vessels, and in rare situations 
external iliac or femoral vessels. Cadaver studies have 
shown that major vascular structures are as close as 3.2 cm 
cephalad and lateral to the retropubic MUS trocar (Muir 
et al., 2003; Fig. 20.10). Sometimes this bleeding may be 
concealed and result in a large hematoma with the only 
indications being a subjective feeling of discomfort, pres- 
sure, frequent urination, or orthostatic changes from the 
anemia. Objective indicators include patient vital signs, 
oliguria, a palpable suprapubic mass and/or ecchymosis, 
and loss of consciousness in extreme cases. One study 
showed a correlation between hematoma size and symp- 
toms; patients were in severe discomfort if the collection 
was larger than 300 mL compared with minimal to absent 
symptoms at volumes less than 100 mL. Persistent bleed- 
ing refractory to passive actions such as compression and 
fluid resuscitation may require angiographic management 
with vascular surgical consultation or surgical exploration. 

Retropubic MUS also may induce pain, which may be expe- 
rienced in the suprapubic or vaginal areas. Although often tran- 
sient, persistent pain after mesh implantation rarely results in 
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significant morbidity and disturbances in the patient’s quality 
of life. Sling tensioning may play a role in the de novo devel- 
opment of pain. First-line therapy is based on optimization 
of analgesia and use of anti-inflammatory medications. Local 
anesthetic “trigger” injections and more advanced pain man- 
agement may be necessary. Cystourethroscopy may be neces- 
sary to make sure that sling mesh is not in the lumen of the 
bladder or urethra. A final intervention is surgical excision of 
the sling, which results in resolved or improved pain in 50% 
to 68% of patients. If the suburethral portion of the sling is 
excised, recurrent SUI can develop in 30% of cases. 

Sexual function usually improves after both retropubic 
and transobturator MUS, mainly because of resolution of SUI 
(De Souza et al., 2012). However, dyspareunia can occur and 
often is related to superficial mesh location or mesh exposure 
in the vagina. Although application of topical vaginal estrogen 
and observation have been advocated for this problem, many 
patients require mesh removal for symptom resolution. 

Mesh erosion and extrusion is a known complication of all 
synthetic mesh systems. In a series of 241 women, Abouas- 
saly et al. (2004) reported a 1% vaginal erosion rate after 
TVT. In the Trial of Mid-Urethral Slings, with 24-month 
follow-up, 3.3% of women had mesh erosion or exposure 
after TVT (Brubaker et al., 2011). Initial treatment after 
diagnosis is typically conservative: using vaginal estrogen 
cream; avoiding vaginal insertions or trauma, including pel- 
vic rest; and avoiding tampon use. If conservative treatment 
is unsuccessful, applicable surgical options include mobiliza- 
tion and reapproximation of vaginal epithelium, excision of 
the exposed mesh, or extensive or complete removal of the 
suburethral portion of the mesh with vaginal closure. The 
mesh should be removed only after adequate patient coun- 
seling regarding the likelihood of recurrence of SUI. 


Synthetic Transobturator MUSs 


Indications, Patient Selection, and 
Types of Slings 


Because retropubic MUSs require blind passage of a trocar 
through the retropubic space, inadvertent bladder perfora- 
tion occurs in 3% to 5% of cases. Also, vascular and bowel 
injuries that resulted in significant morbidity and mortality 
were reported, albeit very rarely. In the hope of avoiding 
these complications, DeLorme described the transobturator 
technique for midurethral sling placement in 2001; this was 
published by Dargent et al. (2002). The inside-out variation 
was described by de Leval (2003). 

As with retropubic synthetic slings, this is a minimally 
invasive midurethral sling using a synthetic tape; however, 
it is placed using a transobturator approach rather than a 
retropubic one, almost eliminating any potential for blad- 
der or bowel perforation and major vascular injury. Spe- 
cially designed needles are passed either from the inner 
groin into the vaginal incision (outside-in technique) 
or from the vaginal incision into the inner groin (inside- 
out technique). When the procedure is performed in an 
appropriate fashion, the needle and subsequently the 
sling pass through (from the outside in) the subcutaneous 
fat, gracilis tendon, adductor brevis, obturator externus, 
obturator membrane, and obturator internus (Whiteside 
and Walters, 2004). TOT slings use the basic concept of 


Sling Manufacturer Trocar Passage 

TVT-O Gynecare, Sommerville, Inside-out 
NJ 

TVT-Abbrevo Gynecare Inside-out 

Monarc American Medical Sys- Outside-in 
tems, Minnetonka, MN 

Obtryx Boston Scientific, Natick, Outside-in 
MA 

Align TO Bard Medical, Covington, Outside-in 
GA 

Aris Coloplast, Minneapolis, Outside-in 
MN 


midurethral support with the sling placed underneath the 
urethra; resistance against the urethra is generated when 
intra-abdominal pressure increases, which increases outlet 
resistance and prevents SUI. 

TOT slings have become the most popular surgical treat- 
ment for SUI. The technique has been shown to be a low- 
risk procedure with effectiveness comparable to most other 
surgical options. TOT slings are associated with a lower risk 
of urethral obstruction, urinary retention, and subsequent 
need for sling release compared with retropubic slings. For 
primary cases, a TOT sling demonstrates similar rates of 
cure compared with retropubic synthetic slings, with fewer 
bladder perforations and postoperative irritative voiding 
symptoms (Sung et al., 2007). Also, as mentioned, rare 
but catastrophic bowel and major vessel injury are almost 
eliminated. The tradeoff is that patients experience more 
complications referable to the groin, such as pain and leg 
weakness or numbness, with the TOT approach. Retropu- 
bic slings may be more effective for recurrent incontinence 
and in women with ISD, although the data supporting this 
statement are difficult to interpret because of controversy 
regarding how best to define and diagnose ISD. 

Numerous transobturator sling kits are available at the 
present time (see Box 20.2). Indications for TOT sling 
placement are the same as for retropubic MUS with the 
possible exception of recurrent incontinence or ISD. Con- 
traindications include pregnancy, groin abscesses, chronic 
infection or pain, and active anticoagulation. TOT slings are 
also commonly placed in women undergoing repair of pelvic 
organ prolapse in the hope of preventing the de novo devel- 
opment of SUI (occult incontinence). 


Surgical Technique 


As previously mentioned, TOT slings can be placed inside- 
to-outside or outside-to-inside. The indications, effective- 
ness, and frequency of complications seem to be similar 
between the two groups (Novara et al., 2010; Madhuvrata 
et al., 2012). At the present time, the decision regarding 
which approach to use is based mostly on the preference 
and experience of the surgeon. 


Inside-Out 


l. Preoperative considerations. Single-dose intravenous 
perioperative antibiotics are given for skin and vaginal 
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flora coverage. The antibiotic classes commonly used 
include intravenous cephalosporins and fluoroquino- 
lones. Antiembolic prophylaxis is given as indicated. 
Sterile urine should be confirmed before the pro- 
cedure; some physicians postpone the surgery if an 
active urinary tract infection is documented. 

. Patient positioning and preparation. The patient is posi- 
tioned in the dorsal lithotomy position, with legs sup- 
ported in Allen or candy cane stirrups and all pressure 
points padded appropriately. The perineum and vagina 
are prepared, and surgical draping is placed to allow 
access to the vagina and inner groin. 

. Anesthesia. Although we prefer to perform these proce- 
dures using a general anesthetic, they can be performed 
using intravenous sedation with local infiltration of the 
vaginal and groin tissue, which allows the use of a cough 
test to assist in appropriate tensioning of the sling. 

. The exit site of the needle is marked. It should be 
2 cm above the level of the urethra and 2 cm lateral to 
the labial fold (Fig. 20.11). 

. Vaginal incision. Anterior retraction of the vaginal mucosa 
with an Allis clamp facilitates visualization. We prefer to 
hydrodistend the anterior vaginal wall with either a com- 
bination of epinephrine and lidocaine or injectable-grade 
saline. A scalpel blade is used to make a distal incision in 
the anterior vaginal wall under the mid-urethra. 

. Vaginal dissection. Sharp dissection is used to mobilize 
the anterior vaginal wall off the underlying urethra. 
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FIGURE 20.11 Vaginal incision 
and exit point for the inside-out 
transobturator sling. 


We prefer to make the incision slightly longer for TOT 
and single incision slings than the incision required for 
a retropubic midurethral sling. We prefer to mobi- 
lize the distal anterior vaginal wall completely off the 
posterior urethra, allowing the surgeon’s finger to be 
placed into the periurethral space for palpation of 
the inferior pubic ramus. Some physicians prefer to 
hydrodissect the trocar trajectory bilaterally before 
placing the sling and its trocar. 


7. Trocar passage. The trocar tip is inserted into the pre- 


viously dissected vaginal incision lateral to the urethra 
and advanced gently while rotating the trocar handle. 
This insertion is done while hugging the pubic rami, 
knowing that the obturator canal, which houses both 
the obturator nerve and vessels, is at the opposite 
anterolateral margin of the foramen. The tip should 
emerge at the exit site generated previously at the level 
of the clitoris. The vaginal sulcus is inspected to ensure 
that no perforation or mucosal damage has occurred. 
Certain TOT sling kits (TVT-O (Gynecare, Somerville, 
NJ) and TVT-Abbrevo (Gynecare)) have a winged 
guide introducer that helps facilitate appropriate pas- 
sage of the needle through the obturator membrane, 
easily guiding the trocar into position (see Fig. 20.12). 
Some surgeons prefer perforating the membrane with 
Metzerbaum scissors before passing the trocar. Once 
the membrane is penetrated with the tip of the tro- 
car, the surgeon’s hand is lowered or dropped toward 
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FIGURE 20.12 Technique for pas- 
sage of TVT-O trocar from the 
vaginal incision into the inner 
groin using a vaginal guide. 


the patient to allow the helical passer to rotate around 
the ischiopubic ramus and exit in the inner thigh (Fig. 
20.13A and B). 

8. Cystourethroscopy. Careful cystoscopy of the ure- 
thra and the bladder should be performed to visualize 
any damage. If the trocar were to perforate the blad- 
der, it would generally be visualized in the anterolat- 
eral aspect of the bladder (usually the area between 
3 o’clock and 5 o'clock on the left side and 7 o’clock 
and 9 o'clock on the right side). If not detached yet, 
the offending trocar can be withdrawn and reinserted. 
Occurrence of bladder or urethral perforation or injury 
is extremely rare during TOT placement. 

9. Tensioning. The sling should lay flat against the ure- 
thra (without a gap at rest), easily allowing a right- 
angled clamp to be passed between the sling and the 
posterior urethra. We prefer to tension TOT slings 
slightly tighter than retropubic MUSs (Fig. 20.14). 

10. The vaginal wound is copiously irrigated and closed 
with a running 3-0 polyglycolic acid suture. The groin 
stab wounds are closed with an absorbable suture or 
covered with liquid tissue adhesive. If desired, vaginal 
packing may be inserted temporarily at the comple- 
tion of the case (if the patient is bleeding or concur- 
rent prolapse procedures are being performed). 

11. The catheter may be removed (along with the vagi- 
nal packing, if present) in the recovery room, and 
the patient is discharged after documenting voiding 
efficiency. If unable to void, the patient is taught 
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intermittent self-catheterization or an indwelling 
Foley catheter is placed. 

The TVT-Abbrevo is the most recent version of the 
inside-out TOT sling. It differs from earlier slings in that 
the sling is only 12 cm long (versus the traditional 18- to 
19-cm-long TOT sling). The shorter mesh traverses only 
the obturator internus, obturator membrane, and obturator 
externus, avoiding all the other inner groin muscles. Non- 
absorbable polypropylene (Prolene) sutures are attached to 
the lateral edges of the mesh to allow for adjustments in 
mesh tensioning. Also, a midline placement loop serves as 
a visual aid to help center the mesh. Both the loop and the 
polypropylene sutures are removed after the sling is ten- 
sioned to the surgeon’s satisfaction. 


Outside-In 


1. Preoperative considerations, patient positioning, and 
anesthesia are similar to the inside-out technique. 

2. The penetration site for the trocar is marked in the 
inner groin, which should be just below the adduc- 
tor longus tendon, lateral to the clitoris (Fig. 20.15). 
Placing an index finger in the vaginal fornix and the 
thumb in the inner groin facilitates identification of 
the appropriate location for needle penetration (see 
Fig. 20.16). 

3. Vaginal incision. The incision is similar to the inside- 
out technique. 

4. Vaginal dissection. The dissection is carried later- 
ally on both sides of the urethra, aiming toward the 
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FIGURE 20.13 A, Technique of how to rotate inside-out TVT-O trocar handle through the obturator membrane and around the ischiopubic 
ramus. B, Technique of how best to remove the helical trocar from sheath during the inside-out technique for a TVT-O sling. 


FIGURE 20.14 Technique of how 
best to tension a transobturator 


sling. 
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obturator membrane. The incision should allow for 
the passage of the index finger to guide the trocar as it 
rotates around the ischiopubic ramus. 


. Trocar passage. A stab wound is made with the scal- 


pel at the previously marked puncture sites in the 
groin region, and the trocar is inserted carefully, with 
the handle nearly horizontal or parallel to the floor. 
The obturator membrane is carefully pierced, and 
the trocar handle is rotated and advanced along the 
ischiopubic ramus, with the needle exiting into the 
previously created vaginal space. The initial rotation 
should be to drop the handle of the trocar so that 
it becomes perpendicular to the floor. At the same 
time, the trocar handle is dropped from the initial 
near-horizontal starting position to the nearly vertical 
position; careful angling and “walking off” the bone 
allows for appropriate passage around the ischiopubic 


ramus (Fig. 20.16). 


. Cystoscopy. Cystourethroscopy is performed as pre- 


viously described for the inside-out technique. 


. Loading the mesh. The mesh is attached to the tro- 


car and the needles are withdrawn, pulling the sling 
and plastic sheath through the groin incision (Fig. 
20.17). 


. Tensioning. Tensioning is as described in the inside-out 


section, using a right-angled clamp (Fig. 20.14). 


. The wound is irrigated, and the mucosal edges are 


approximated using a running 3-0 polyglycolic acid 
suture. The groin stab wounds are closed with an 
absorbable suture or liquid tissue adhesive. 

The catheter may be removed in the recovery room, 
and the patient is discharged after documenting void- 
ing efficiency. If the patient is unable to void spon- 
taneously, either intermittent self-catheterization is 
taught or the patient is discharged with an indwelling 
Foley catheter. 
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Outcomes 


A meta-analysis evaluating randomized controlled trials com- 
paring retropubic and transobturator MUSs showed slightly 
higher objective cure rates for retropubic MUS but similar 
effectiveness in overall subjective outcomes compared with 
TOT (Novara et al., 2010). As noted earlier, the Cochrane 
review (Ogah et al., 2009) had similar findings and was 
based on 17 trials involving 2434 patients. The same reviews 
reported a bladder perforation rate of 0.3% in the TOT group 
versus 5.5% in the retropubic group. TOT procedures result in 
less voiding dysfunction and blood loss and fewer hematomas. 

Outcomes of the two different techniques for plac- 
ing TOT were evaluated in meta-analyses by Latthe et al. 
(2010) and Madhuvrata et al. (2012). No significant differ- 
ence in subjective or objective SUI cure rates were observed. 
Also, there was no significant difference in the postoperative 
development of voiding difficulty or de novo urgency when 
the two techniques were compared. A randomized con- 
trolled trial by Abdel-Fattah et al. (2010) also showed no dif- 
ference in outcomes between the two techniques; however, 
when comparing these surgical approaches, the outside-in 
technique was associated with higher vaginal angle mucosal 
tears during placement. Madhuvrata et al. (2012) concluded 
that the two versions of transobturator MUS have similar 
efficacy and impact on women’s quality of life. However, 
the inside-out route was associated with fewer vaginal fornix 
injuries but a higher rate of postoperative groin pain. 

In a retrospective study by Stav et al. (2010), ISD was 
shown to be an independent risk factor for unsuccessful 
outcomes with TOT slings. A similar study by Miller et al. 
(2006) showed higher success rates for retropubic slings 
versus TOT slings when the maximum urethral closure 
pressures were less than 40 cmH,0O. Postoperative voiding 
dysfunction occurred less frequently in the TOT group (4% 
versus 7%; RR 0.63) in that study. 
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FIGURE 20.15 Penetration site for outside-in transobturator tape. The trocar should be at the level of clitoris, which is just below the insertion 
of the adductor longus tendon. Placing an index finger in the anterior vaginal fornix and the thumb in the inner groin allows this location to 


be palpated. 


Despite differences in technique, brand of mesh used, 
and study design, treatment success rates for uncomplicated 
primary SUI seem to be similar for the retropubic and tran- 
sobturator tension-free slings. The percentage of patients 
treated successfully ranges from 60% to 96% (depending 
on how “cure” is defined). When the definition of suc- 
cess is restricted to SUI symptoms, especially over a short 
time, the reported effectiveness is high. In contrast, when 
the definition of success includes incontinence of any type, 


the reported effectiveness is lower. In studies that reported 
lower effectiveness, “success” was usually strictly defined 
as no incontinence symptoms of any type, a negative cough 
stress test, and no subsequent retreatment for SUI or post- 
operative urinary retention. Thus, it is important to counsel 
patients before surgery that improvement in SUI symptoms 
and general satisfaction is highly likely, but perfect bladder 
function is not. See Table 20.1 for our recommendations 
for surgical correction of SUI in different clinical situations. 
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FIGURE 20.16 Technique for pas- 
sage of outside-in trocar through 
the obturator membrane. Once 
the obturator membrane is pene- 
trated, appropriate rotation of the 
handle is required for the needle 
to hug the back of the ischiopubic 
ramus and to enter the periure- 
thral tunnel. 


Connect mesh to needles on both sides 


FIGURE 20.17 After both outside-in needles are passed, the sling 
is attached to the needles. Cystoscopy is usually performed before 
pulling the sling through to the groin. 


Avoiding and Managing Complications 
Voiding Dysfunction 


Of women undergoing transobturator sling procedures, 4% 
to 8% develop some form of temporary voiding dysfunc- 
tion. De novo development of urgency and urge inconti- 
nence occurs in approximately 6% of women undergoing 
TOT sling procedures (Ogah et al., 2009). Initial postopera- 
tive management includes catheterization; however, if this 


With thumb on curve of needle, 

push needle tip through 

skin incision until obturator membrane 
is perforated 


Needle continues behind 
ischiopubic ramus 


Rotate needle tip toward 
vaginal tunnel 


persists beyond several weeks, the option of sling lysis is 
contemplated, although this is uncommon after transobtura- 
tor MUS. Urethral dilation is typically not recommended 
because of fear of predisposing the patient to erosion of the 
sling material into the urethra. See Chapter 38 for a more 
detailed discussion of how best to manage voiding dysfunc- 
tion after sling placement. 


Groin Pain 


Groin pain or numbness or leg weakness occurs after TOT 
procedures in 10% to 15% of patients. The inside-out tech- 
nique seems to be associated with more groin pain com- 
pared with the outside-in technique. When postoperative 
groin pain occurs, it is usually deep within the tissue and 
manifests when the patient abducts or adducts her legs. This 
pain is reported to be less common in patients who are over- 
weight (body mass index >30 kg/m?) (Cadish et al., 2010). 
The motivation for developing the newer TVT-Abbrevo 
sling was to prevent postoperative groin pain by not having 
any sling material present in the inner groin muscles. 

Treatment includes analgesia, nonsteroidal anti-inflam- 
matory medications, and physical therapy. The pain usually 
resolves in a few weeks. If the pain does not resolve, surgi- 
cal removal of a portion of the sling in the ipsilateral vaginal 
fornix may be effective. Rarely is removal of the entire sling 
in the inner thigh necessary; it should only be done if the 
sling is infected and as a last resort because of its difficulty 
and relative morbidity. 


Dyspareunia 

As noted, dyspareunia can occur if the sling tape is exposed 
or erodes into the vaginal lumen. Also, unique to transobtu- 
rator MUS, the sling can sometimes be palpable or tender in 
the vaginal fornix. This can lead to sexual pain in the female 
or in the male partner. A randomized controlled trial by Ross 
et al. (2009) mentioned the concerning fact that the sling 
tape may be frequently palpable postoperatively in patients 
with TOT slings. In addition to the risk for dyspareunia, 
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Table 20.1 Authors’ Recommendations for Surgical Correction of Stress Urinary Incontinence (SUI) Based on 


Different Clinical Situations 


Clinical Problem and Patient 


Characteristics Rationale 


Primary SUI with urethral 
hypermobility—young patient 


TVT has similar effectiveness and more long-term data than 
TOT; TVT may result in less sexual pain than TOT; TOT 
has fewer intraoperative complications and less voiding 
dysfunction 

Primary SUI with urethral hypermobility— TOT Similar effectiveness; fewer complications with TOT 
older patient; leak point pressure 
>60 cmH,0 

Recurrent SUI with urethral TVT 
hypermobility—any age; leak 
point pressure >60 cmH20 

Recurrent SUI with urethral 
hypermobility—leak point 
pressure <60 cmH,0O (ISD) 

Recurrent SUI with nonmobile bladder Urethral bulking or pubovaginal All sling procedures have lowered effectiveness when the 
neck; any leak point pressure fascial sling with urethrolysis bladder neck is immobile 

SUI mixed with dominant urgency or TOT TOT improves or does not exacerbate mixed urinary symp- 
voiding dysfunction toms to the extent that TVT might 

SUI with prolapse and planned vaginal Limited data support similar effectiveness for either 
prolapse repair approach; TOT has less voiding dysfunction 

“Occult” SUI with prolapse reduced and TOT has a lower chance of creating new retention and 
planned vaginal prolapse repair irritative voiding symptoms; Wait-and-see approach allows 
treatment of SUI if it develops after prolapse repair, but 
second surgery would be needed 

These nonmesh options are effective for recurrent SUI but 
have higher surgical morbidity 


Limited data suggest effectiveness of TVT after TOT failure; 
TVT has higher cure rate for recurrent SUI 


Some but not all data indicate that TVT is more effective 
for ISD; fascial slings in expert hands are effective, based 
on cohort studies 


TVT or pubovaginal fascial sling 


TVT or TOT 


TOT or wait-and-see approach 


Recurrent SUI with previous synthetic 
sling mesh complication (or patients 
who desire treatment without mesh) 


Pubovaginal fascial sling or 
Burch colposuspension 
(assuming the urethra is 
mobile) 


ISD, intrinsic sphincter deficiency; TVT, tension-free vaginal tape or similar retropubic midurethral sling; TOT, transobturator sling placed either by 


outside-in or inside-out variations 


*Single-incision or mini-slings are not mentioned in this table because currently insufficient data exist to recommend them on a regular basis. 


palpable sling tape may predispose to erosions. One study 
found a higher frequency of de novo sexual dysfunction 
secondary to the sling being palpable and tender after the 
outside-in approach, causing penile pain in the male partner 
during intercourse (Scheiner et al., 2012). However, this 
complication has not been observed in all studies (Sentilhes 
et al., 2009). If sexual pain persists after MUS and is not 
responsive to conservative measures, surgical resection of 
the offending section of the sling is usually necessary. 


Vaginal Mesh Erosion 


Vaginal mesh erosion is a known complication associated 
with all types of synthetic slings and was discussed earlier 
in this chapter. It is also discussed in detail in Chapter 30. 


Synthetic Midurethral Single-Incision 
Mini-Slings 


In 2006, the single-incision “mini-sling” was introduced as 
a modification of traditional retropubic and transobturator 
MUS. These slings were designed to require less dissection 
in the midurethral area without the need to make additional 
incisions suprapubically or in the groin. They are placed 
entirely through an incision in the vagina and have no exit 
point. They were designed to minimize the risk of bladder 
perforation associated with traditional retropubic MUS and 
the risk of groin discomfort or other issues related to the 
inner thigh associated with passage of transobturator slings. 
Single-incision mini-slings are anchored into the obturator 


internus muscle or connective tissue of the endopelvic fascia 
of the retropubic space behind the pubic bone, depending 
on the configuration of the sling chosen by the surgeon. A 
survey of urologists in the United States suggests that 10% 
of practicing urologists have already adopted this technol- 
ogy for regular use in patients with primary SUI. However, 
the U.S. Food and Drug Administration has required the 
manufacturers of single-incision slings to pursue additional 
studies to document long-term efficacy and safety. These 
studies, which will be ongoing over the next 2 years, will 
determine the future of these devices. 


Indications, Patient Selection, and 
Types of Slings 


Indications for the single-incision mini-sling are similar to 
indications for the more traditional MUS. It can be offered 
as an initial, definitive treatment of SUI. Because the mini- 
sling is less invasive than a retropubic or transobturator 
MUS, it may be desired for use in some special patient 
populations. Because it avoids the retropubic space, the 
mini-sling may be considered specifically for patients who 
have undergone previous retropubic and abdominal surger- 
ies and may be at higher risk for significant pelvic adhesions. 
Because it does not entail complete passage of trocars to 
the skin level, it may be considered in patients with sig- 
nificant soft tissue mass or morbid obesity in the traditional 
sites of MUS trocar site (i.e., truncal or intertrigonal obe- 
sity) that may surpass the length of the trocar. Because 
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single-incision mini-sling procedures can be done using local 
anesthesia, they can also be considered in patients with sig- 
nificant comorbidities in whom general anesthesia is con- 
traindicated. We rarely use single-incision slings in patients 
with primary SUI because long-term data showing efficacy 
comparable to retropubic or transobturator MUS are lack- 
ing (see Table 20.1). 

Three single-incision mini-slings are currently commer- 
cially available in the United States: MiniArc Single-Inci- 
sion Sling system (American Medical Systems, Minnetonka, 
MN); Solyx SIS system (Boston Scientific Corp., Natick, 
MA); and Minitape (MPathy Medical, Raynham, MA). 

The MiniArc Single-Incision Sling is a polypropylene 
mesh (8.5 x 1.1) with permanent self-fixating tips that is 
deployed with a supplied metal 2.3-mm needle/trocar. The 
mesh is connected to the tip of the needle before inser- 
tion; the mesh and needle are inserted; and the needle is 
removed, leaving the mesh behind. Self-fixating tips are 
constructed of polypropylene and have two anchoring barbs 
that help resist up to 5.5 lb of pull-out force to remove the 
mesh. A redocking maneuver can be set up before insertion 
to allow retrieval and reinsertion of the mesh if necessary. 

The Solyx SIS system includes a polypropylene mesh 
tape (9 cm in length) with permanent barbed self-fixating 
tips and a metal and plastic delivery device or trocar. This 
system is designed similarly to the MiniArc Single-Incision 
Sling system in that each tip of the sling is sequentially 
attached to the end of the delivery device for mesh place- 
ment, which is removed after insertion. The edges of the 
center 4 cm of the mesh (advertised as the suburethral por- 
tion) are bonded together to reduce irritation and the pos- 
sibility of mesh erosion or extrusion. 


Surgical Technique 


l. Preoperative considerations. A mini-sling may be 
inserted using many different types of anesthesia, 
including general, spinal or epidural, regional, and 
local. Perioperative antibiotics (e.g., fluoroquino- 
lone or first-generation cephalosporin) are generally 
administered before the incision. Antiembolic pro- 
phylaxis is given as indicated. 

2. Patient positioning. The patient is positioned in the 
dorsal lithotomy position, with legs in stirrups. The 
perineum and vagina are prepared and draped to exclude 
the anus. A weighted vaginal speculum is placed, and 
the bladder is drained using a Foley catheter. 

3. Vaginal incision. A l- to 1.5-cm midline incision is 
marked starting 1 cm below the urethral meatus, and 
the area is infiltrated with injectable-grade saline or 
1% lidocaine with epinephrine for hydrodissection of 
the periurethral tissues. An Allis clamp may be placed 
distal to the incision to facilitate visualization; care 
must be taken not to traumatize the urethral meatus. 
An incision is made sharply with a scalpel. 

4. Vaginal flap dissection. Dissection of lateral vaginal 
flaps proceeds in a standard fashion, with attention to 
developing an appropriately robust and well-vascular- 
ized vaginal flap while not jeopardizing the thickness 
of the periurethral tissue. This flap is carried laterally 
and anteriorly until the endopelvic fascia is encoun- 
tered, but the retropubic space is not entered. 


FIGURE 20.18 Technique for placement of the MiniArc single- 
incision sing. The sling is placed directly into the obturator internus 
muscle. 


5. Preparation of the sling. The sling is prepared by 
inserting the tip of the delivery device or needle into 
the self-affixing end of the mesh apparatus, ensuring 
that the mesh is orientated on the outside of the bend 
of the delivery needle. 

6. Insertion of sling. To place the MiniArc Single- 
Incision Sling or Solyx SIS, the tip of the delivery 
needle with the mesh assembly attached is inserted 
into the previously dissected vaginal space and 
aimed along a path 45° from the midline. Placement 
should be immediately posterior to the ischiopubic 
ramus; the needle can be “walked off” the poste- 
rior aspect of the bone, as described previously, 
maintaining close proximity to the posterior surface 
of the bone. The tip should be advanced until the 
midline marking on the mesh is situated under the 
middle of the urethra (Fig. 20.18). The needle is 
removed from the mesh, attached to the other end 
of the mesh device, and inserted on the contralat- 
eral side in a similar manner, ensuring the mesh lies 
flat under the urethra, until the proper degree of 
desired tension is achieved. The delivery device is 
disengaged and removed. 

The MiniArc Single-Incision Sling can be arranged with 
a delivery/inserter needle to facilitate reconnecting the 
needle tip into the self-affixing tip of the mesh device. 
This arrangement allows the mesh to be inserted far- 
ther if more tension is desired. The redocking pro- 
cedure entails threading a 2-0 polypropylene suture 
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through the tip of the mesh assembly and then through 
the tip of the delivery device, knotting one end. This 
end of the mesh is placed first, in the usual fashion, 
then the delivery needle is removed, leaving the suture 
in place. The opposite side is also placed in the usual 
fashion. If further tensioning is warranted, the free end 
of the suture is reinserted into the end of the delivery 
needle, and the needle is advanced along the suture, 
sliding into the tip of the mesh device. Once docked, 
the entire mesh device can be advanced farther into the 
patient. In general, single incision slings are tensioned 
tighter than transobturator or retropubic synthetic 
MUSs, with the tape lying directly against the urethra. 

7. Cystoscopy. Cystoscopy should be performed to eval- 
uate for bladder or urethral injury. 

8. Vaginal closure. The vaginal incision is closed in the 
same way as described previously. 


Complications and Surgical Tips 


Complications that can occur are similar to the complica- 
tions previously discussed in regard to retropubic and tran- 
sobturator MUS; these include bladder or urethral injury 
or perforation, bleeding, vaginal mesh extrusion, urinary 
tract mesh erosion, voiding dysfunction, urinary retention, 
and urinary tract infection. Organ damage and major ves- 
sel injury still may occur but should be much less common 
because the design of the mini-sling enables a significantly 
more truncated needle/trocar trajectory through the retro- 
pubic or obturator space. 

Bladder perforation may occur during dissection or at 
the time during sling insertion; the self-affixing points of 
the MiniArc Single-Incision Sling and Solyx SIS may make 
removal and reinsertion of the device difficult because 
these slings are not designed to be removed. Removal of 
the MiniArc Single-Incision Sling may be facilitated by set- 
ting up the redocking procedure with a suture. If bladder 
perforation occurs and is discovered during cystoscopy, the 
sling should be immediately removed. A secondary inser- 
tion should not be attempted at that operative time. In our 
opinion, cystoscopy should be routinely performed when a 
single-incision sling is placed. 

Because of the shorter length of inserted mesh, more 
tension is placed on the mini-sling at the time of insertion 
than is placed on other types of MUS. The implanted sling 
should be in close apposition to the urethra, with no laxity 
in the material. The surgeon should use a clamp or right 
angle to determine that there is no redundancy in the sling 
material. 


Outcomes 


Compared with transobturator and retropubic slings, long- 
term outcomes of single-incision slings vary depending on 
the study. Barber et al. (2012), De Ridder et al. (2010), Neu- 
man et al. (2011), and Bianchi-Ferraro et al. (2013) showed 
similar cure rates, whereas Wang et al. (2011) and Hinoul 
et al. (2011) showed higher long-term cure rates for retro- 
pubic or transobturator MUSs. A meta-analysis by Abdel- 
Fattah et al. (2011) involving 758 women showed inferior 
subjective and objective cure rates over 6- and 12-month 
periods for single-incision slings relative to transobturator 


and retropubic slings. The need for repeat incontinence sur- 
gery for patients with prior single-incision slings was signifi- 
cantly greater (RR 6.72, 95% CI 2.39-18.89), and there was 
increased de novo urgency (RR 2.08, 95% CI 1.01-4.28). 
The study by Abdel-Fattah et al., found that single-incision 
slings were associated with shorter operative times and 
lower pain scores immediately postoperatively. 

At the present time, the future of single-incision slings is 
questionable because the U.S. Food and Drug Administra- 
tion has required the manufacturers of these kits to pursue 
further studies to evaluate efficacy and safety. If the data 
eventually demonstrate acceptable long-term durability 
and safety, increased popularity is likely due to the minimal 
invasiveness of these procedures. 


Pregnancy after MUSs 


In our opinion, whenever possible, SUI surgery should be 
delayed until a woman’s childbearing is completed. If a syn- 
thetic sling is placed in a woman who eventually becomes 
pregnant, there are insufficient data at the present time to 
support future cesarean versus vaginal delivery. Because of 
the stretch and pressure generated during labor and preg- 
nancy itself, there is concern that the support offered by 
synthetic slings may be negatively affected, with subsequent 
loss of adequate urinary control postpartum. A case series by 
Groenen et al. (2008) reported a more favorable outcome 
after cesarean deliveries. A systematic review of outcomes 
of pregnancy following surgery for SUI suggested that any 
increase in risks for pregnancy after surgery for stress incon- 
tinence may be small. A low risk of urinary retention dur- 
ing pregnancy may exist. Although some data suggest that 
cesarean deliveries may result in a lower rate of recurrent 
SUI than vaginal deliveries, a formal analysis could not be 
performed with the available data (Pollard et al., 2012). 


Conclusions 


Most urogynecologists and urologists currently consider 
synthetic MUSs to be the primary surgical treatment for 
women with SUI. Data indicate that similar long-term effi- 
cacy can be obtained in most patients with a retropubic 
or transobturator approach. However, patients with more 
severe or recurrent SUI, or ISD, may be better served with 
a retropubic approach, whereas those with mixed symp- 
toms and/or less severe SUI may be better served with a 
transobturator approach (see Table 20.1). More long-term 
data on single-incision slings are needed. 
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Introduction 


Since laparoscopic retropubic urethropexy was introduced 
in 1991, laparoscopic access and techniques have been 
applied to most abdominal and numerous vaginal route sur- 
gical procedures for urinary incontinence and pelvic organ 
prolapse. Adoption of laparoscopic sacral colpopexy has 
increased in the past decade, especially with the applica- 
tion and Food and Drug Administration (FDA) approval of 
robotic assistance for gynecologic procedures in 2005. Lapa- 
roscopic surgery has possible advantages, including improved 
anatomic visualization of the peritoneal cavity, presacral 
space, and space of Retzius, which can be attributed to lapa- 
roscopic magnification, insufflation effects, and improved 
hemostasis. Other potential advantages over open surgery 
include shortened postoperative hospitalization resulting 
in potential cost reduction, decreased postoperative pain, 
more rapid recovery and return to work, and better cos- 
metic appearance of smaller incisions. Despite these many 
potential advantages, laparoscopy has a prolonged learning 
curve for suturing and technically difficult retroperitoneal 
dissections. Consequently, this can lead to increased operat- 
ing time early in the surgeon’s experience, with a potential 
for greater hospital cost secondary to increased operating 
time and use of disposable surgical instruments. Addition- 
ally, widespread adoption of traditional laparoscopic surgery 
for urinary incontinence and prolapse procedures may have 
been further thwarted by inadequate instructional experi- 
ence in residency and fellowship and the introduction of 
minimally invasive vaginal midurethral slings and apical sus- 
pension mesh kit procedures. Robotic-assisted laparoscopy 
offers the novice laparoscopic surgeon a means of becoming 
facile with minimally invasive surgical techniques. There are 
currently few well-designed studies comparing the learning 
curves for skill acquisition in minimally invasive prolapse 
and incontinence surgery. The literature regarding mini- 
mally invasive prolapse and incontinence procedures pre- 
dominantly consists of retrospective cohort studies from 
surgeons subspecializing in advanced laparoscopy. Compara- 
tive, adequately powered studies regarding conventional or 
robotic-assisted laparoscopic surgery for prolapse and stress 
urinary incontinence are rare. 
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Indications for Minimally Invasive 
Prolapse Surgery 


The indications for laparoscopic repair of enterocele, vaginal 
apical prolapse, rectal prolapse, and perineocele are identical 
to those for vaginal and abdominal routes. The choice of 
conventional laparoscopic or robotic-assisted laparoscopic 
access is determined by the surgeon, patient preference, 
the laparoscopic skill of the surgeon, and, occasionally, the 
patient’s insurance coverage. Additional factors that should 
be considered include a history of pelvic or anti-incontinence 
surgery, previous failed transvaginal colpopexy, a short- 
ened vagina, concern for severe abdominopelvic adhesions, 
patient age and weight, need for concomitant pelvic surgery, 
and the patient’s ability to undergo general anesthesia. 

The surgeon needs to carefully consider the effects of 
intra-abdominal CO; insufflation and its hemodynamic and 
metabolic effects in patients with chronic obstructive pul- 
monary, cardiovascular, and chronic renal diseases (Danic 
et al., 2007; London et al., 2000; Tekelioglu et al., 2013). 
One should be wary of patients with contraindications 
to increases in intracranial pressure and patients who are 
potentially hypovolemic preoperatively, as a laparoscopic or 
robotic procedure may be contraindicated. These concerns 
are particularly amplified in prolonged minimally invasive 
cases (Murdock et al., 2000; Routh et al., 2008). An exhaus- 
tive review of the physiologic effects of pneumoperitoneum 
is beyond the scope of this chapter. 

Trendelenburg position also causes some difficulty in 
ventilating the patient and contributes greatly to hemody- 
namic changes (Falabella et al., 2007). Prolonged Trendelen- 
burg position increases chest wall resistance and dead space, 
consequently decreasing the alveolar-arterial diffusion of 
oxygen. Pulmonary compliance and functional residual 
capacity are reduced; these effects are often more pro- 
nounced in obese patients (Ogunnaike et al., 2002; Danic 
et al., 2007; Baltayian 2008). The cephalad displacement of 
the diaphragm and carina can cause the endotracheal tube 
to become displaced into the mainstem bronchus and upper 
airway and pulmonary interstitial edema can also result. In 
addition, pneumoperitoneum and Trendelenburg position 
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can contribute to a reduction in the femoral venous flow 
and can increase the perioperative risk of venous throm- 
boembolic events. Finally, corneal abrasion, despite use of 
protective eye tape, has been reported in 3% of patients in a 
case series of 1500 patients from a single institution (Danic 
et al., 2007). These authors thought that the steep Tren- 
delenburg position places the patient at risk for coming into 
contact with the monitoring cables. They proposed using 
eye patches over the eye tape to prevent this and noted a 
reduction in their corneal abrasion rates. 


Surgical Anatomy 


Thorough knowledge of the anatomy of the anterior abdomi- 
nal wall is mandatory for safe and effective trocar insertion. 
The umbilicus is approximately at the L3 to L4 level, and the 
aortic bifurcation is at L4 to L5. In obese women, the umbili- 
cus is caudal to the bifurcation. Thus, for maximal safety, the 
intraumbilical trocar should be introduced at a more acute 
angle toward the pelvis in thin women and closer to 90° in 
obese women. However, it is important not to track too far 
caudally in the subcutaneous tissue so that pelvic visualiza- 
tion is optimized. The left common iliac vein courses over 
the lower lumbar vertebrae from the right side and may be 
inferior to the umbilicus (Hurd et al., 1992; Nezhat et al., 
1998). The common iliac arteries course 5 cm before bifur- 
cating into the internal and external iliac arteries. The ureter 
crosses the common iliac artery at or above this bifurcation. 

The superficial epigastric artery, a branch of the femo- 
ral artery, courses cephalad and can be transilluminated, 
although this can be difficult in patients with darker skin 
color. The inferior epigastric artery branches from the exter- 
nal iliac artery at the medial border of the inguinal ligament 
and runs laterally to and below the rectus sheath at the level 
of the arcuate line (Fig. 21.1B). Two inferior epigastric veins 
accompany this artery. Computed tomography (CT) studies 
of abdominal wall vasculature show that, above the pubic 
symphysis, the inferior and superficial epigastric vessels are 
5.6 + 1.0 cm and 5.5 + 2.0 cm from the midline, respec- 
tively (Hurd et al., 1994). At the level of the umbilicus, the 
superficial epigastrics and circumflex iliacs are 4.6 + 1.4 cm 
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FIGURE 21.1 Anatomy of the 
anterior abdominal wall and rela- 
tionship to suggested A, laparo- 
scopic and B, robotic port sites. 
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and 10.7 + 1.7 cm from the midline, respectively (Hurd 
et al., 1994; Saber et al., 2004). The inferior epigastric vessels 
course along the parietal peritoneum and are lateral to the 
medial umbilical folds but medial to the deep inguinal ring. 
These can be identified where the round ligament enters the 
inguinal canal. The median umbilical ligament, the embry- 
onic urachus, is attached to the apex of the bladder and 
extends to the umbilicus. The urachus remains patent in 
some women and may be somewhat vascular. 

The medial umbilical folds and the peritoneum overlying 
the obliterated umbilical arteries are the lateral landmarks 
of dissection of the parietal peritoneum during transperi- 
toneal surgery into the space of Retzius. The upper margin 
of the undistended bladder dome lies several centimeters 
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FIGURE 21.2 Anatomy of the pelvic sidewall near Cooper's liga- 
ment, showing obturator neurovascular bundle and accessory obtu- 
rator vessels. 


above the pubic symphysis. When the bladder is filled with 
300 mL of fluid, however, the upper margin of the bladder 
dome is approximately 3 cm above the pubic symphysis. 
The important laparoscopic landmarks for surgery in the 
space of Retzius include: Cooper’s ligaments, the acces- 
sory or aberrant obturator veins, the obturator neurovascular 
bundles (which are 3-4 cm above the arcus tendineus fasciae 
pelvis; Fig. 21.2), the bladder neck (delineated by placing 
vaginal traction on the Foley bulb), and the arcus tendineus 
fasciae pelvis and arcus tendineus levator ani, which both 
insert into the pubic bone (Figs. 21.2 and 21.3). 

When considering the anatomy of the repair of pelvic organ 
support, a surgeon must keep in mind the three levels of sup- 
port of the vagina. The upper fourth of the vagina (level I) is 
suspended by the cardinal/uterosacral complex, the middle 
half (level II) is attached laterally to the arcus tendineus fas- 
ciae pelvis and the medial aspect of the levator ani muscles, 
and the lower fourth (level III) is fused to the perineal body. 
The endopelvic fascia (also referred to as the anterior pubo- 
cervical fascia and posterior rectovaginal fascia) contributes 
to the integrity of the wall of the vagina. All pelvic support 
defects—whether anterior, apical, or posterior—represent a 
break in the continuity of the endopelvic fascia and/or a loss 
of its suspension, attachment, or fusion to adjacent structures. 
The goals of pelvic reconstructive surgery are to correct all 
defects, thus reestablishing vaginal support at all three levels, 
and to maintain or restore normal visceral and sexual function. 


Operative Technique for Laparoscopic 
Sacral Colpopexy 


Operative Setup and Instrumentation 


Patent positioning is particularly important for laparo- 
scopic and robotic cases. In our cases, the patient is usu- 
ally placed on a disposable piece of egg crate foam that is 
secured to the operative table under the torso to prevent 
the patient from slipping toward the head of the bed with 
steep Trendelenburg position. A gel pad (AliGel or Over- 
lay Pad, AliMed, Inc., Dedham, MA) or bean bag (Olympic 
Vac-Pac Marlin Medical, Bayswater North, VIC, Australia) 
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FIGURE 21.3 Retropubic space anatomy. 
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are other options for slippage prevention. A padded strap 
can be placed across the chest to further secure the patient 
(Alistrap, AliMed, Inc., Dedham, MA). Shoulder braces are 
another option, but these have been associated with brachial 
plexus injuries in some cases. Careful attention is paid to 
extremity positioning to prevent peripheral nerve injuries. 
The arms are tucked with the draw sheet with the wrist in a 
neutral, thumbs-up position. If needed, padding of the ulnar 
prominence and sled arm boards are used to further secure 
the arms. Ideal stirrups for combined laparovaginal cases are 
the Allen® stirrups and Yellofins® (Allen Medical Systems, 
Acton, MA) that have levers that can quickly convert the 
patient from low to high lithotomy position while preserv- 
ing the sterility of the field. The lateral knee near the fibular 
prominence is typically padded to minimize risk of nerve 
injury in thin patients. 
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Laparoscopy 


The operating room setup for laparoscopic pelvic sur- 
gery is shown in Figure 21.4. The monitor screens should 
be placed laterally to the legs in direct view of the surgeon 
standing on the opposite side of the table. The scrub nurse 
should be in the center if two monitor screens are used; 
otherwise, the scrub nurse is located behind one surgeon 
and the electrosurgical unit or the harmonic scalpel on the 
opposite side. After the three-way Foley catheter and uter- 
ine manipulator (if needed) have been placed, the vaginal 
tray with cystoscope is set aside, if needed, for later use. 

A sterile pouch attached to each thigh is equipped with 
commonly used instruments, such as unipolar scissors, bipo- 
lar cautery, graspers, and laparoscopic blunt-tipped dissec- 
tors. Additionally, a laparoscopic cholecystectomy drape 
can be placed over the laparoscopic-assisted vaginal hyster- 
ectomy drape to provide troughs for instruments on either 
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FIGURE 21.4 Operating room setup for operative laparoscopy. 
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side of the abdominal field. The irrigation should be set up 
before making incisions for trocars. 

For the standard suturing technique, the needle holder 
preference is determined by comfort of the surgeon. Con- 
ventional and 90-degree self-righting German needle hold- 
ers (Ethicon Endo-Surgery, Inc., Cincinnati, OH) have 
ratchet spring handles. The Storz Scarfi needle holder and 
notched assistant needle holder (Karl Storz Endoscopy, El 
Segundo, CA) are most similar to conventional needle hold- 
ers used during laparotomy. However, the handles are dif- 
ficult to maintain and may pop open after extended use. 
The needle holder tips may become magnetized, which 
hampers needle grasping. Disposable suturing devices, such 
as the Endo-stitch (Covidien Surgical, Dublin, Ireland), 
have been introduced, but extracorporeal knot-tying is pre- 
ferred because of technical facility and the ability to hold 
more tension on the suture. The choice of an open-ended 
or close-ended knot pusher for extracorporeal knot-tying 
depends on surgeon preference. Other options for knot- 
tying include various premade knots, such as clinch knots 
that do not require knot pushers and intracorporeal knots. 

Some surgeons have chosen to avoid knot-tying altogether 
by securing the mesh with a barbed suture (Quill by Angio- 
tech, Vancouver, B.C. and V-Loc by Covidien, Boulder, CO) 
and using a tacking device to tack the mesh into the anterior 
longitudinal ligament. The use of barbed sutures is currently 
under investigation and is being compared to the conventional 
laparoscopic or robotic-assisted suturing approach (Tan-Kim 
et al., 2011). Although the use of barbed suture could greatly 
improve efficiency, there are potential risks of bowel obstruc- 
tion with the use of barbed suture to close the peritoneum 
and vaginal cuff. Currently, tacking devices are not routinely 
used in sacral colpopexy. Lumbosacral osteomyelitis and spon- 
dylodiscitis are rare but devastating complications of sacral 
colpopexy. Less than 30 cases are currently reported in the 
literature, and most are related to sutures, not tacks, placed 
in the presacral space (Grimes et al., 2012; Roth et al., 2012; 
Collins et al., 2011; Muffly et al., 2010; Nosseir et al., 2010). 
Bone tacks, however, may penetrate the intervertebral disc or 
disc space to a greater depth than suture and could, theoreti- 
cally, lead to lumbosacral osteomyelitis and spondylodiscitis. 


Trocar Placement 


Incisions are made depending on the anatomy of the umbi- 
licus. Many variations of the accessory trocar sites have 
been described. We use two additional trocars: a 5/12 mm 
disposable trocar with reducer in the right lower quadrant 
(if knot-tying from the right) lateral to the right inferior 
epigastric vessels and a reusable 5 mm port or an additional 
5/12 mm disposable trocar, with reducer in the left lower 
quadrant lateral to the left inferior epigastric vessels. Tro- 
cars are placed laterally to the rectus muscle, approximately 
3 cm medial to and above the anterior superior iliac spine. 
One or two additional 5 mm ports are placed at the level 
of the umbilicus, lateral to the rectus muscle for simulta- 
neous suturing and/or retraction (Fig. 21.14). Based on an 
anatomic study by Whiteside et al. (2003), we know that 
ilioinguinal and iliohypogastric nerve entrapment during 
fascial closure may be reduced if the ports are placed at 
least 2 cm cephalad to the anterior superior iliac spines. 
An additional 5 mm port may be placed on the principal 


surgeon’s side so that he or she can operate with two hands. 
Both reusable and disposable ports may be secured with cir- 
cumferential screws to prevent port slippage. In addition, 
both 5 and 10 mm balloon ports exist (Kii Fios First Entry 
with Advanced Fixation Cannula, Applied Medical, Rancho 
Santa Margarita, CA), where insufflation of a circumfer- 
ential intraperitoneal balloon helps to maintain the port’s 
intraperitoneal location with port manipulation and instru- 
ment exchanges. Port placement is shown in Figure 21.1A. 


Intraperitoneal Anatomy Assessment 


After the insertion of a 0-degree laparoscope (5 or 10 mm) 
through a respective 5 or 10 mm intraumbilical or infraum- 
bilical cannula followed by intra-abdominal insufflation, an 
inspection of the peritoneal cavity is performed, delineat- 
ing the inferior epigastric vessels just lateral to the medial 
umbilical folds, abdominal and pelvic organs, pelvic adhe- 
sions, and coexisting abdominal or pelvic pathology. Two 
additional trocars (5/12 mm disposable trocars) are placed 
under direct visualization in the right and left lower quad- 
rants, lateral to the inferior epigastric vessels, and one or 
two additional 5 mm ports are placed at the level of the 
umbilicus, lateral to the rectus muscle, as previously noted. 

After the placement of the ancillary ports, the key ana- 
tomic landmarks of sacral colpopexy are noted: the middle 
sacral artery and vein; the sacral promontory with anterior 
longitudinal ligament; the aortic bifurcation and the vena 
cava (at the L4 to L5 level); the right common iliac vessels 
and right ureter (at the right margin of the presacral space); 
and sigmoid colon, which is at the left margin. The left com- 
mon iliac vein is medial to the left common iliac artery and 
can be damaged during dissection or retraction. 

The anatomic landmarks for laparoscopic rectocele repair, 
ventral rectopexy, and laparoscopic sacral colpopexy/colpo- 
perineopexy include the rectovaginal septum, made up of 
Denonvilliers’ fascia, and its lateral attachment to the medial 
aspect of the levator ani muscles. Denonvilliers’ fascia is the 
endopelvic fascia attached superiorly to the uterosacral car- 
dinal ligament complex, laterally to the superior fascia of the 
levator ani muscle, and inferiorly to the perineal body. The 
rectovaginal septum is the posterior point of attachment of 
the sacral colpopexy mesh. Rectovaginal fascia, rectovagi- 
nal septum, and Denonvilliers’ fascia are synonymous. The 
pubocervical fascia is the anterior point of mesh attachment 
during sacral colpopexy. During a sacral colpoperineopexy, 
the dissection is carried down to the perineum and bilat- 
eral levator ani muscles to which the inferior and lateral seg- 
ments of a T-shaped mesh are attached. 


Procedure 


After a careful appraisal of relevant vascular and visceral 
anatomy is obtained, dissection of the peritoneum between 
the vaginal apex and rectum is performed to delineate the 
rectovaginal space and fascia (Fig. 21.5). Anterior dissection 
is performed (taking care to avoid damage to the bladder) 
if a mesh is to be sutured to the pubocervical fascia or if 
enterocele repair is needed. A vaginal obturator (frequently 
an end-to-end anastomosis (EEA) sizer), sponge stick, or 
equivalent vaginal manipulator is used for delineation of the 
vaginal apex or rectum. An EEA sizer is frequently placed in 


FIGURE 21.5 Rectovaginal dissection. Sponge sticks have been 
placed in the vagina (superiorly) and rectum (inferiorly). 


the rectum to aid in the posterior dissection. Some surgeons 
prefer a Lucite stent (Marina Medical, Sunrise, FL) that is 
circumferentially uniform for ease of suturing to the vaginal 
muscularis. 

If exposure of the sacral promontory and presacral space 
is not adequate, the bed should be airplaned to the left and a 
reusable triangle retractor (Snowden Pencer, Tucker, GA) or 
fan retractor (Origin Medsystems, Menlo Park, CA) can be 
placed through an ancillary port. Suture can also be passed 
through several sigmoid epiploica and brought through the 
left lower quadrant lateral to the left lower quadrant port 
site with a Carter Thomason suture carrier. Both suture 
ends are secured with minimal tension at the skin surface 
with a Kelly clamp, retracting the sigmoid laterally. Once 
the sigmoid is adequately retracted, the peritoneum over- 
lying the sacral promontory is incised longitudinally with 
laparoscopic scissors and extended to the cul-de-sac. A lapa- 
roscopic dissector or hydrodissection is used to expose the 
periosteum of the sacral promontory. If blood vessels are 
encountered during the dissection, coagulation or clip place- 
ment is used to achieve hemostasis. Some surgeons prefer to 
first dissect the presacral space, thus eliminating the most 
technically difficult portion of the procedure. A Halban 
procedure or Moschcowitz culdoplasty may be performed 
based on surgeon preference or when a deep cul-de-sac is 
noted. When a concomitant culdoplasty is performed, it is 
completed after posterior mesh placement. Performance 
of a culdoplasty is controversial because review of the lit- 
erature shows no improved cure or decreased risk of recur- 
rence with concomitant culdoplasty at the time of sacral 
colpopexy (Nygaard et al., 2004). 

A 15 x 4 to 5 cm lightweight, macroporous, polypro- 
pylene mesh is introduced through a 5/12 mm port. The 
mesh is sutured anteriorly to the vaginal apex with two 
to three pairs of sutures. Efficiency of mesh arm place- 
ment may be improved by first placing the suture, and 
then back-threading the mesh through the suture ends at 
the abdominal surface. We typically use 2-0 polydioxanone 
distally, closest to the bladder base, followed by continued 
use of 2-0 polydioxanone or 2-0 polypropylene more proxi- 
mal to the vaginal apex. A second piece of mesh of similar 
dimension is passed into the abdomen and secured on the 
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FIGURE 21.6 Minimally invasive sacral colpopexy. Before re-peritone- 
alization, the mesh extends from the vagina to the sacral promontory. 


posterior vaginal apex and rectovaginal septum, with three 
to four similar rows of 2-0 polypropylene. Alternatively, 
some surgeons like to place the posterior mesh first. When 
we do this, we first place the most distal posterior suture, 
thread the mesh at the abdominal surface, and tie down 
these sutures. We then place the posterior apical sutures, 
which helps to retract the mesh out of the visual field and 
facilitates placement of the additional, more distal, poste- 
rior sutures. When a Y-shaped mesh is used, it is easier to 
first suture the anterior portion so that the cephalad portion 
of the mesh may be retracted anteriorly while the poste- 
rior rows of sutures are being placed. Finally, when placing a 
T-shaped posterior mesh for colpoperineopexy, we typically 
suture the larger, T-shaped piece of mesh to the posterior 
wall of the vagina and perineum. The smaller, rectangular 
piece of mesh is then sutured to the anterior vaginal wall. 
We then sew both pieces together into the vaginal apex and 
trim the excess anterior mesh (note that a 15-18 cm mesh 
length may be required for laparoscopic sacral colpoperi- 
neopexy). The sutures are tied extracorporeally as they are 
placed. Care is taken to place the stitches through the entire 
thickness of the vaginal wall, excluding the epithelium. The 
surgeon sutures the mesh to the longitudinal ligament of the 
sacrum at the level of S1 in two rows of no. 0 or 2-0 poly- 
propylene sutures (Fig. 21.6). A vaginal examination is per- 
formed assuring that no undue tension has been placed on 
the mesh. Titanium tacks or hernia staples may also be used 
to attach the mesh to the anterior longitudinal ligament of 
the sacrum. The redundant portion of the mesh is excised, 
and the peritoneum is reapproximated over the mesh with 
a no. 2-0 polyglactin suture. If the mesh remains exposed, 
sigmoid epiploic fat may be sutured over it. 

If a hysterectomy is performed before sacrocolpopexy, 
a supracervical hysterectomy is advised to minimize risk 
of mesh erosion or exposure (Cundiff et al., 2008; Warner 
et al., 2012; Osmundsen et al., 2012; Tan-Kim et al., 2011). 
If contraindications for supracervical hysterectomy exist, a 
double layered closure of the vaginal apex is recommended. 
In addition, care should be taken to avoid affixing the mesh 
to the apical suture line in order to decrease risk of mesh 
erosion. The technique for sacrohysteropexy is discussed in 
detail in Chapter 26. 
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FIGURE 21.7 Operating room 
setup for robotic sacral colpopexy. 


A concomitant midurethral sling or laparoscopic Burch 
colposuspension is performed if the patient has urethral 
hypermobility with urodynamic stress incontinence. A 
paravaginal defect repair is performed, if needed, to treat 
anterior vaginal wall defects. If rectal prolapse is present, 
a rectopexy with or without sigmoid resection can be per- 
formed laparoscopically with or without robotic assistance. 
We perform these combined cases with our colorectal sur- 
gery colleagues. 


Robotic Sacral Colpopexy 


The robotic sacral colpopexy is performed using a technique 
similar to the laparoscopic sacral colpopexy. The da Vinci® 
Surgical System (Intuitive Surgical, Inc., Sunnyvale, CA) is 
currently the only widely used robotic surgical system in 
the United States. The four-armed da Vinci® S and the da 
Vinci® SI systems are currently the most commonly used. 
The da Vinci® Surgical System has three components: the 
patient cart (operative robot), surgeon console, and the 
vision cart. An example of robotic operative room arrange- 
ment is depicted in Figure 21.7. 

The robotic approach to sacral colpopexy differs from 
the laparoscopic approach on a few parameters: trocar loca- 
tions, docking the robotic patient cart, and use of intra- 
corporeal knot tying. Five trocars are placed in a shallow 
“W” formation (Figs. 21.1B and 21.8): two of the 8 mm 
robotic ports are placed bilaterally, 9 cm lateral and inferior 
from the umbilicus, and the third robotic trocar is placed 
in the left lower quadrant, 9 cm lateral to the more medial 
left-sided port. A 12 mm umbilical trocar is used for the 
laparoscope, and an 8 mm assistant trocar is placed 9 cm 
lateral to the right-sided robotic trocar. This trocar size 
allows introduction and removal of suture with SH needles 
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and does not require fascial closure, thus decreasing the 
risk of postoperative pain. The robotic trocars are placed 
approximately 9 cm apart to minimize risk of robotic arm 
collision (Fig. 21.8). In addition, care should be taken to 
assure that the robotic trocars’ black remote center, a fixed 
point around which the robotic arm articulates, is just above 
the peritoneum. After the robotic trocars are safely placed 
and the patient is placed in maximal Trendelenburg posi- 
tion (about 30°), the robotic patient cart is docked under 
the instruction of the bedside surgeon (Fig. 21.9). Although 
many methods of robotic patient cart docking have been 
described, we feel that parallel docking on the patient’s left 
side allows easy access for vaginal manipulation and results 
in minimal issues with robotic arm collision (Fig. 21.10). 
After first affixing the camera arm, the other robotic arms 
are connected to the robotic trocars with care taken to posi- 
tion arms to minimize risk of robotic arm collisions. A 30° 
angle between the instruments arms and camera is good, but 
a 45° angle is usually better. Positioning the fourth robotic 
arm (arm 3) at the most left lateral trocar is usually done 
last, because of the need for its horizontal and, often, infe- 
rior angle to the patient (Fig. 21.10). 

We typically place the robotic Monopolar scissors in arm 
1, a bipolar instrument, either a PK® Dissecting Forceps or 
a Bipolar Forceps in arm 2 and a Prograsp in arm 3 for the 
initial dissection. If a hysterectomy is being performed, the 
Tenaculum Forceps can be placed in arm 3, rather than the 
Prograsp; however, this is only necessary for large uteri with 
fibroids. Once the initial dissection for the sacral colpopexy 
is done, we typically use a SutureCut needle driver in arm 
1, needle driver in arm 2 and Prograsp in arm 3 to suture 
robotically with 8-in monofilament 2-0 or 0 polypropylene 
and polydioxanone, as described above in our discussion of 
laparoscopic sacral colpopexy. 


| Assistant- 


Assistant, 


There are a few points of caution for robotic-assisted 
laparoscopic surgery. (1) There is no haptic feedback with 
the robotic system, so the surgeon has to pay close attention 
to visual cues when placing tension on tissues or suture. (2) 
Once the robotic system is docked, the patient bed posi- 
tion cannot be changed without first removing instruments 
and undocking the robotic arms. (3) The tip of the robotic 


FIGURE 21.8 Robotic trocars are 
placed in a shallow “W” forma- 
tion, approximately 9 cm apart to 
minimize risk of arm collision. 


FIGURE 21.9 Robotic patient cart 
docked with operating table in 
steep (usually 30°) Trendelenburg 
position. 


endoscopic camera becomes very hot and must be cleaned 
outside of the peritoneal cavity. (4) The ability to clutch, 
exchange instruments, focus the camera, and ability to use 
monopolar and bipolar energy modalities differs between 
the different generations of da Vinci® Robotic Surgical Sys- 
tems. Consequently, a surgeon should be comfortable with 
the features of the particular robotic system before its use. 
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FIGURE 21.10 Robotic patient 
cart side docked next to operat- 
ing room table. Robotic arms are 
optimally 30° to 45° from each 
other with the fourth arm (arm 3) 
often positioned almost parallel to 
the ground. 


Clinical Results: Subjective and 
Objective Cure 


In the recent update of the Cochrane review of surgical 
management of pelvic organ prolapse, Maher et al. (2013) 
stated that abdominal sacral colpopexy had lower rates of 
recurrent vaginal apex prolapse (3.5% versus 15%; relative 
risk (RR), 0.23; 95% confidence interval (CI), 0.07-0.77), 
reduced grade of residual prolapse (5.7% versus 20%; RR, 
0.29; 95% CI, 0.09-0.97), and less dyspareunia (16% versus 
36%; RR, 0.39; 95% CI, 0.18-0.86), when compared with 
vaginal sacrospinous colpopexy. Abdominal sacral colpo- 
pexy, however, was associated with a longer operative time 
(mean difference (MD), 21 min, 95% CI, 12-30), longer 
time to recovery (MD, 8.3 days; 95% CI, 3.9-12.7), and was 
more expensive (weight MD, USD $1334; 95% CI, $1027- 
$1641) than the non-mesh augmented vaginal approach. 
Well-designed randomized trials included in the meta- 
analysis by Paraiso et al. (2011), Freeman et al. (2013), and 
Maher et al. (2011) compared laparoscopic sacral colpo- 
pexy with either robotic (Paraiso), open (Freeman), or total 
vaginal mesh (Maher). The details of these trials and their 
findings are discussed below and summarized in Table 21.1. 

Only a few well-designed comparative studies exist, and 
many have varying objective and subjective outcomes. One 
single-center, blinded, randomized trial from our institution 
randomized women with post-hysterectomy stage 2 to 4 
vaginal apex prolapse to either laparoscopic or robotic sacro- 
colpopexy (Paraiso et al., 2011). The primary outcome was 
total operative time from incision to closure, but secondary 
outcomes included postoperative pain, functional activity, 
bowel and bladder symptoms, quality-of-life, anatomic vagi- 
nal support, and cost from a health care perspective. Total 
operative time was significantly longer in the robotic group 


(227 + 47 versus 162 + 47 min; P < 0.001), with docking 


only accounting for an average additional 14 min. In addi- 
tion, sacral colpopexy suture tying was longer for the robotic 
group (98 + 22 versus 68 + 16 min; P < 0.001). Although 
pain scores were not significantly different on postoperative 
day 1, the robotic group reported more pain at rest and with 
normal activities at several points during the 6-week postop- 
erative period. We believe that increased pain in the robotic 
group was caused by muscular pain associated with manipu- 
lation and fascial closure of the right paracolic gutter acces- 
sory port. Hence, we have the changed the port size from 10 
or 12 mm to 8 mm. At 6 and 12 month follow-up, anatomic 
and quality of life outcomes did not differ between the two 
groups (Table 21.1). 

Freeman et al. (2013) compared abdominal sacral col- 
popexy with laparoscopic sacral colpopexy in a multicenter 
randomized equivalence trial for treatment of post-hyster- 
ectomy vaginal vault prolapse. Patients were included if they 
had > stage 2 vaginal vault prolapse and did not need addi- 
tional prolapse procedures. The primary outcomes were loca- 
tion of pelvic organ prolapse-quantification (POP-Q) point 
C and Patient Global Impression-Index (PGI-I) scores at 
1 year of follow-up (Table 21.1). Secondary outcomes were 
intraoperative blood loss, mean drop in hemoglobin, length 
of postoperative hospitalization, operating time, postopera- 
tive pain assessment, return to daily activities, quality of life, 
new onset of urinary incontinence, and reoperation rates. At 
1 year, point C met equivalence criteria for the abdominal 
and laparoscopic groups (6.63 + 1.4 cm and 6.65 + 1.2 cm, 
respectively; P > 0.050). In addition, 90% of patients in the 
abdominal group and 80% of those in the laparoscopic group 
responded that they were either “very much better” or 
“much better” on the PGI-I at 1-year post-surgical. There 
was a lower blood loss (56.2 + 34 versus 240.4 + 232 mL; 
P < 0.01), a lesser drop in hemoglobin (1.12 + 0.74 versus 


Table 21.1 Comparative Studies of Minimally Invasive Sacral Colpopexy 


Author (year) 


Freeman et al. 
(2013) 


Geller et al. 
(2012) 


Nosti et al. 
(2012) 


Antosh et al. 
(2012) 


Paraiso et al. 
(2011) 


Maher et al. 


(2011) 


Klauschie 
et al. (2009) 


Geller et al. 
(2008) 


Paraiso et al. 
(2005) 


Study Type 


RT multicenter 


RC 


RC multi- 
center 


RC 


RT 


RT 


RC 


Mean + standard deviation. 


Median (range). 


Comparison 
Groups (N) 


LSC (26) 
ASC (27) 


RSC (23) 
ASC (28) 


RSC (218) 
LSC (213) 
ASC (400) 
RSC (65) 
LSC (23) 


RSC (40) 
LSC (38) 


LSC (53) 


TVM (55) 


LSC (44) 
ASC (41) 


RSC 73 
ASC 105 


LSC (56) 
ASC (61) 


Mean OR Time 


(min) 


144 + 28* 
131 +44 


206 min* 


(205-537) 
325 
(219-451) 
227 + 478 
162 +47 


978 (36-280) 
50 (30-96) 
NS 


183 
168 


328 + 558 
225510) 


269 + 658 


218 + 60 


Hospital Stay (days) 


3/2 ae let 
4.11.6 


NS 
43 +37 
34411h 


2 (2-10)! 
3 (2-6) 


35.48 
63.3h 


N = 
Nw 
H H 
=O 
I oo 

m 


1.8418 


441.8 


Length of Follow-up Cure: Objective Cure: Subjective Comments 


12 months 


44.2 + 6 months 


(33-55) 


YAS 


10.8 months 
3 months 


12 months 


24 months 


7.4 months! 
10.6 months 


6 weeks 


13.5 + 12 months 


15.7 + 18 months 


NS 
-6.65 cm +1.2 
-6.63 cm+1.4 


NS 
100% 
100% 


94.1%* 


NS 

Apical stage 
0/1: 88% 
Apical stage 
0/I: 91% 


77%8 
43% 


NS 

100% apical 
93% anterior 
93% posterior 
100% apical 
88% apical 
93% posterior 
C: -91 


(-10 to -8) 
C: -8 

(-9 to -8) 
NS 


Equivalence trial for both 
POP-Q point C and PGI-I 
“much better” response 


Obj cure: <stage | apical pro- 
lapse, C < -5, total vaginal 
length of >7 cm 


Obj cure: POP-Q < stage Il 


Obj cure: stage 0/I for Ba, 
Bp, or C 


Obj cure: Aa, Ba, C, Bp, Ap 
<-1 cm 


Obj cure: C > 1/2 of TVL, no 
need for re-operation or 
pessary use 


Anterior/posterior success Aa, 
Ba, Ap, Bp <— .5 


Point C more improved for 
RSC, no difference in other 
POP-Q points 


No significant difference in to- 
tal reoperations for recurrent 
prolapse between groups 


ASC, Abdominal sacral colpopexy; LSC, Laparoscopic sacral colpopexy; NS, no statistically significant difference; Obj cure, objective cure; OR, operating room; RC, Retrospective cohort; RSC, Robotic sacral 
colpopexy; RT, Randomized Trial; TVL, XXX; TVM, Total vaginal mesh, total prolift. 

P < 0.01 difference between RSC and LSC. 

Questionnaires: AAS, Activity Assessment Scale; APFQ, Australian Pelvic Floor Questionnaire; EQ-5D, EuroQol 5D; PFDI-20, Pelvic Floor Distress Inventory Short Form; PFIQ-7, Pelvic Floor Impact Question- 
naire Short Form; PGI-1, Patient Global Impression of Improvement; PISQ-12, Pelvic Organ Prolapse/Urinary Incontinence Sexual Function Questionnaire; POP-Q, Pelvic Organ Prolapse-Quantification; 
P-QOL, Kings College Pelvic Organ Prolapse Quality of Life; SF-36, Short Form Health Survey. 


*P < 0.05 difference between ASC & minimally invasive SC (RSC & LSC). 


SP < 0.001. 
dp < 0.05. 
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2.33 + 1.3 mg/dL; P < 0.01), and a shorter length of hos- 
pital stay (3.2 + 1.1 versus 4.1 + 1.6 days; P = 0.02) in 
the laparoscopic group. Interestingly, operative times did 
not differ between the abdominal and laparoscopic groups 
(131 + 44 versus 144 + 28 min, respectively; P = 0.24). 
Although there was higher postoperative morphine use in 
the abdominal group, physical function scores at 1-week 
postoperatively on question 3 of the SF-36 did not differ 
between surgery groups. 

Maher et al. (2011) compared laparoscopic sacral colpo- 
pexy with total vaginal mesh (TVM) kit (Gynecare Prolift, 
Ethicon, Somerville, NJ) prolapse repair in a randomized 
trial including women with = stage 2 vaginal vault prolapse 
(Table 21.1). The primary outcome was objective success at 
POP-Q sites Aa, Ba, C, Bp, Ap, defined as < -1 cm, indi- 
vidually, and as a total, after 2 years of follow-up. Secondary 
outcomes were patient satisfaction, quality of life outcomes, 
complications, and reoperations. Although laparoscopic 
sacral colpopexy took almost twice as long as TVM (97 (36- 
280) versus 50 min (30-96); P = 0.001; MD, 52.0; 95% 
CI, 41.4-62.6), it was associated with a lower blood loss 
(P = 0.004; MD, —32.0; 95% CI, —59.4 to —4.5), shorter 
hospital stay (2 (2-10) versus 3 days (2-6)); (P = 0.01; MD, 
—0.52; 95% CI, —0.93 to —0.10), and more rapid return to 
activities of daily living (P < 0.001; MD, —5.34; 95% CI, 
—8.36 to —2.32) compared to the TVM group. At 2-year 
review, the objective success in the laparoscopic arm was 
significantly better than the TVM group (77% versus 43%; 
P < 0.001). Total vaginal length (TVL) was unchanged in the 
laparoscopic group (8.94 cm versus 8.83 cm; P = 0.11) 
but significantly shortened in the TVM group postopera- 
tively (9.00 cm versus 7.81 cm; P < 0.001). Although mean 
patient satisfaction scores (0-100) were significantly higher 
in the laparoscopic sacral colpopexy group (87 + 21 versus 
79 + 20; P = 0.02; MD, 8.09; 95% CI, 0.20-15.98), both 
the laparoscopic sacral colpopexy and TVM groups showed 
significant improvement in validated quality of life ques- 
tionnaires with no differences between the surgery groups. 

Nosti et al. (2012) recently presented a multicenter ret- 
rospective cohort trial comparing perioperative and post- 
operative surgical outcomes between open and minimally 
invasive sacral colpopexy in 831 women who underwent 
surgery between 1999 and 2009. The five participating 
institutions identified cases with current procedural ter- 
minology codes and analyzed inpatient and outpatient 
records; anatomic failure was defined as POP-Q stage = 
stage II. Four hundred patients in the cohort underwent 
open sacral colpopexy, 231 underwent laparoscopic, and 
218 had robotic-assisted laparoscopic sacral colpopexy. 
Laparoscopic and robotic cases were analyzed as minimally 
invasive sacral colpopexy. Anatomic failures were higher in 
the open group compared with the minimally invasive group 
(24.1% versus 14.3%; P < 0.01), which was predominantly 
because of posterior support. Of note, the open group had 
longer mean length of follow-up (10.8 versus 7.6 months; 
P < 0.01). Compared with women who underwent mini- 
mally invasive sacral colpopexy, women undergoing open 
sacral colpopexy had a higher operative blood loss (188 
versus 122 mL; P < 0.01), longer hospital stay (2.8 versus 
1.2 days; P < 0.01), and longer operative times (234 ver- 
sus 206 min; P < 0.01), despite fewer concomitant proce- 
dures in the open group (1.5 versus 2.0; P < 0.01). When 


comparing traditional and robotic sacral colpopexy, it was 
noted that robotic cases had fewer anatomic failures (5.9% 
versus 18.9%; P < 0.01), despite more advanced preopera- 
tive prolapse in the robotic group. 

The majority of other studies comparing robotic and 
laparoscopic sacral colpopexy and minimally invasive sacral 
colpopexy with open sacral colpopexy are retrospective 
cohorts from either one or two institutions (Table 21.1). 
The length of follow-up included in these studies ranges 
from 3 to 44 months. Several of the publications below 
are from the same institution with publications focusing on 
either anatomic or quality of life outcomes. Antosh et al. 
(2012) recently published a retrospective cohort study 
comparing perioperative short-term outcomes between 
robotic (N = 65) and conventional laparoscopic (N = 23) 
sacral colpopexy with operative time used as their primary 
outcome. Operative time was calculated by incision start 
and incision close time in the surgical records and included 
docking time, but not robotic setup time. They found no 
significant difference in operating time between the robotic 
(334 min (205-537)) and laparoscopic groups (325 min 
(219-451); P = 0.30). Although estimated blood loss was 
lower in the robotic group (50 mL (10-1000) versus 100 mL 
(10-300); P = 0.003), there were more concomitant poste- 
rior repairs in the robotic group (32 versus 18; P = 0.016). 
There were no differences in transfusion rate, and median 
hospital stay was 1 day for both groups. Anatomic cure, 
defined as stage 0 or 1 for points Ba, Bp, or C did not differ 
between the robotic and laparoscopic groups (87.1% versus 
91.3%; P = 0.72) at 3 months of follow-up. This study is a 
retrospective cohort study and used a convenience sample, 
so no a priori power calculation was performed. The authors 
cite that a post hoc power calculation based upon previ- 
ously published data revealed that they had 81% power to 
detect a 50-min difference in operative time with at least 23 
patients in each group using a two-sided two sample t test. 

After their initial publication of their retrospective 
cohort study comparing perioperative and 6-week postoper- 
ative outcomes of robotic sacral colpopexy with open sacral 
colpopexy in 2008, Geller et al. published several follow- 
up studies examining symptomatic and anatomic outcomes 
at 1 year (Geller et al., 2008, 2011) and at 44 months 
(Geller et al., 2012) in this patient cohort. In the initial 
retrospective cohort, vaginal apex support at the 6-week 
follow-up appointment was the primary outcome; second- 
ary objectives were to compare intraoperative and short- 
term postoperative complications between the two groups 
at 6 weeks. Seventy-three robotic cases and 105 open sacro- 
colpopexy cases were included in the analysis. Women in 
the robotic group showed a slight improvement on POP-Q 
point “C” compared with those undergoing open sacral col- 
popexy (—9 compared with —8; P = 0.008). The laparo- 
scopic sacral colpopexy had significantly less intraoperative 
blood loss (130 + 96 mL versus 255 + 155 mL; P < 0.001), 
shorter hospital stay (1.3 + 0.8 days versus 2.7 + 1.4 days; 
P < 0.001), but longer total operative time (328 + 55 min 
versus 225 + 61 min; P < 0.001) compared with open sacral 
colpopexy. After consenting to participation in a long-term 
follow-up study, 51 women in the original cohort (23 in the 
robotic and 28 in the abdominal sacral colpopexy groups) 
were followed for a mean of 44.2 + 6.4 months after sur- 
gery. Their primary aim was to assess long-term pelvic floor 
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support in women who had undergone robotic versus open 
sacral colpopexy. Anatomic success was defined as: prolapse 
stage of <I, point C < —5, and total vaginal length of at least 
7 cm. Secondary outcomes were measured with three vali- 
dated condition-specific quality of life questionnaires (Table 
21.1). At 44 months, there were no significant differences 
in the pelvic floor support measures and quality-of-life out- 
comes between the robotic and open surgery groups (‘Table 
21.1). Location of point C was not different between the 
robotic and open surgery groups (—8 (—7 to —9) and —7 
(—7 to —8)], respectively; P = 0.22). There were two mesh 
exposures in both groups (P > 0.99) during this long-term 
follow-up. 

The findings in the retrospective cohort trials by Klaus- 
chie et al. (2009) and Paraiso et al. (2005) both compared 
laparoscopic with open sacral colpopexy. Operative times 
were significantly longer for laparoscopy in the Paraiso trial 
but not significantly different in the Klaushie trial (Table 
21.1). In both studies, postoperative hospitalization was 
shorter in the laparoscopic groups (Table 21.1). Although 
average follow-up times were shorter in the Klaushie trial, 
there was no significant difference in apical recurrence rates 
between the laparoscopic and open surgery groups in either 
trial. 


Complications 


In the randomized trial we recently published, there were 
no significant differences in intraoperative and periopera- 
tive complications between robotic and laparoscopic sacral 
colpopexy (Paraiso et al., 2011). The most frequent com- 
plication was urinary tract infection, of which there were 
three in the laparoscopic and five in the robotic groups (9% 
versus 14%, respectively; P = 0.71). There were two cys- 
totomies recognized intraoperatively in both groups and one 
enterotomy in the robotic group. The robotic group had two 
patients with a mesh erosion (6% versus 0%; P = 0.49), and 
three with abdominal wall pain necessitating trigger point 
injections (9% versus 0%; P = 0.24). 

In the randomized trial comparing laparoscopic and 
abdominal sacral colpopexy by Freeman et al. (2013), there 
were no conversions from laparoscopy to laparotomy. The 
laparoscopic sacral colpopexy group had one vaginotomy 
and one cystotomy that were repaired laparoscopically. 
The abdominal sacral colpopexy group had one mesenteric 
injury requiring bowel resection and one presacral bleed. 
There was no mesh exposure in either group at 1 year of 
follow-up. Additionally, there was no difference in pelvic 
pain, dyspareunia, or constipation between groups at 1 year. 

In the randomized trial comparing laparoscopic sacral 
colpopexy to total vaginal mesh by Maher et al. (2011), peri- 
operative complications in the laparoscopic group included 
a cystotomy and small bowel injury, which were repaired 
intraoperatively. There were two urinary tract infections in 
the laparoscopic group and three in the TVM group, and two 
transfusions were given in each surgical group. There was 
one mesh erosion in the laparoscopic group and seven in the 
TVM group (P = 0.07). All were treated with vaginal estro- 
gen, all but two in the TVM group later underwent mesh 
resection for erosion (P = 0.11). Overall, the TVM had sig- 
nificantly more patients requiring reoperation than the lapa- 
roscopic sacral colpopexy group (15 versus 3; P = 0.006; 


odds ratio, 4.65; 95% CI, 1.23-17.57). In the laparoscopic 
group, there were three reoperations in the 12 months fol- 
lowing the index sacral colpopexy (1 TVT, one trocar her- 
nia, and one mesh erosion). In the TVM group, there were 
15 reoperations related to the index TVM procedure: four 
mesh excisions for mesh contracture, five surgeries for mesh 
exposure, three suburethral tapes, and three laparoscopies 
for recurrent prolapse repair. 

In their multicenter cohort study of 1124 women, Nosti 
et al. (2014) found that overall complication rates were higher 
in the open sacral colpopexy group compared with mini- 
mally invasive sacral colpopexy (20.0% versus 12.7%; P = 
0.0017), including higher rates of cystotomy (4% versus 2%; 
P = 0.001), and postoperative ileus/small bowel obstruction 
(5% versus 2%; P = 0.001). While there was no difference in 
vaginal mesh erosion between the open sacral colpopexy and 
minimally invasive groups, erosions occurred more frequently 
in patients who had total hysterectomy versus supracervical 
hysterectomy (4.8% versus 0.6%, P < 0.01). 

Antosh et al. (2012) reported both intraoperative and 
postoperative complications in their retrospective cohort 
comparison of robotic (N = 65) and laparoscopic (N = 23) 
sacral colpopexy. There was no difference in the number of 
cystotomies (3 versus 1; P = 1.0) and blood transfusions 
(1 versus 2; P = 0.17) in either group. There were no con- 
versions to laparotomy, enterotomies, or ureteral injuries 
in either group. There were also no significant differences 
in postoperative complications between robotic and lapa- 
roscopic groups: urinary tract infection (9 versus 6 cases; 
P = 0.20), fever (1 case in both groups; P = 0.46), wound 
infection/abscess (2 versus 1 case; P = 1.0), and mesh ero- 
sion (2 versus 0 cases; P = 1.0). 

In the retrospective cohort study by Geller et al., (2008), 
postoperative fever was greater in the robotic group (3 ver- 
sus 0 cases; P = 0.04); however, the number of cases with 
postoperative pneumonia (2 versus 3), pulmonary embolus 
(1 versus 0), ileus (4 versus 2), bowel obstruction (0 versus 
2), and wound infection (2 versus 3) was not significantly 
different between the robotic and open surgery groups, 
respectively (all P > 0.05). There were no gastrointestinal 
tract injuries, and there was one cystotomy in each surgery 
group (P = 1.0). 

Long-term success and complication data from well- 
designed studies for sacral colpopexy is limited. In a recently 
published long-term follow-up of the randomized, masked 
Colpopexy and Urinary Reduction Efforts Trial, Nygaard 
et al. (2013) estimated probabilities of treatment failure 
with parametric survival modeling. The estimated probabili- 
ties of treatment failure for symptomatic pelvic organ pro- 
lapse for open sacral colpopexy with urethropexy compared 
with no urethropexy were 0.29 versus 0.24 (treatment dif- 
ference of 0.049; 95% CI, 0.060-0.162). The estimated 
probabilities for stress incontinence treatment were 0.62 
in the sacral colpopexy with urethropexy group compared 
with 0.77 in the no urethropexy group (treatment differ- 
ence of —0.153; 95% CI, —0.268 to 0.030). Additionally, 
they calculated that sacral colpopexy mesh erosion prob- 
ability at 7 years was 10.5% (95% CI, 6.8-16.1%), suggest- 
ing that complications because of surgical mesh continue 
to occur over time. All sacral colpopexy procedures in 
this trial were performed by open technique, so reopera- 
tion probabilities calculated for recurrent prolapse, stress 
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incontinence, or mesh erosion may not be generalizable to 
sacral colpopexy performed by a minimally invasive route. 
Currently, however, this is the only trial with a level I study 
design that offers 5 and 7-year follow-up for the sacral col- 
popexy procedure (see Table 21.1). 


Sacral Colpoperineopexy 


Many surgeons skilled in minimally invasive sacral colpo- 
pexy routinely perform sacral colpoperineopexy for patients 
with a rectocele and perineal descent. The original approach 
for this surgery was a combined vaginal and open abdomi- 
nal approach, described by Cundiff et al. (1997), in which 
the posterior vaginal mesh was placed in the rectovaginal 
septum, anchored to the perineal body vaginally, passed 
through a colpotomy incision, and then affixed to the pos- 
terior vagina and anterior longitudinal ligament abdominally. 

This technique has been used laparoscopically (McDer- 
mott et al., 2011). A retrospective cohort study compared 
abdominal (N = 17) versus vaginal (N = 51) introduction of 
posterior polypropylene mesh overlaid with Pelvicol® (Bard, 
Murray Hill, NJ) with attachment to the perineal body and 
rectovaginal septum for colpoperineopexy, followed by 
laparoscopic attachment of a second mesh to the anterior 
vagina with laparoscopic affixation of both meshes to the 
anterior longitudinal ligament (McDermott et al., 2011). 
At 6 months of follow-up, there were no significant dif- 
ferences in perioperative outcomes and objective anatomic 
cure. Four patients in the abdominal group had symptoms of 
recurrent prolapse, compared with one in the vaginal group 
(P = 0.010). Although there were no patients with mesh 
erosion in the abdominal group, the vaginal group had four 
(P = 0.6), with one being apical and three noted at the pos- 
terior, distal vagina; all required surgical excision. Mesh ero- 
sion rates have been estimated to be approximately 6% with 
sacral perineopexy (Nosti et al., 2009; Su et al., 2007), and 
there are conflicting data regarding mesh erosion associated 
with sacral colpoperineopexy and sacral colpoperineopexy 
with concomitant hysterectomy (Cundiff et al., 2008; Nosti 
et al., 2009; Visco et al., 2001). 

Most surgeons prefer rectocele repair by vaginal route; 
however, we use the sacrocolpoperineopexy with attach- 
ment of a posterior mesh to the perineum and medial aspect 
of the pubococcygeus and iliococcygeus muscles for patients 
who have perineal descent with outlet dysfunction consti- 
pation or for patients who undergo concomitant ventral rec- 
topexy. A small retrospective cohort study by Grimes et al. 
(2010) suggests that abdominal sacral colpoperineopexy 
is unlikely to eliminate symptoms of obstructive defeca- 
tion when queried at 5 years after index surgery. Interest- 
ingly, 62% of participants reported that they were satisfied 
with their surgical outcome. These findings are limited by 
response and recall bias. 


Ventral Rectopexy 


Rectal prolapse, or full thickness prolapse of the rectum 
through the anal muscles, affects many women with pel- 
vic organ prolapse. Mellgren et al. (1994) reported that 
the incidence of rectal prolapse on defecography in women 
who present with urogenital prolapse is approximately 
38%. Additionally, the incidence of rectal intussusception, 


full-thickness descent of the rectum through the anal 
muscles, was approximately 55% (Mellgren et al. 1994). 
Consequently, many of our patients with rectal prolapse 
or obstructive defecatory symptoms undergo an evaluation 
by our colorectal colleagues. A thorough discussion of the 
evaluation and treatment of rectal prolapse is included in 
Chapter 34. 

Rectal prolapse and intussusception are often addressed 
with a ventral rectopexy, performed by our colorectal col- 
leagues, during a minimally invasive sacral colpopexy (Cullen 
et al., 2012; D’Hoore et al., 2004). The colorectal surgeon 
can perform her dissection either before or after the vaginal 
dissection and presacral dissections for the sacral colpopexy. 
Two 5 mm ports are used in the right and left lower quad- 
rants with a 12 mm port placed suprapubically to the right 
of the midline for sigmoid retraction. Steep Trendelenburg 
position is used to retract the bowel cephalad. The uterus 
is retracted anteriorly, if needed. The presacral and recto- 
vaginal dissections are performed similar to those for sacral 
colpopexy. If perineal descent is present, the dissection can 
be carried further caudad to the perineal body and pubococ- 
cygeous muscles. A polypropylene or biologic mesh measur- 
ing 7 X 20 cm is introduced through the 12 mm port, and 
2-0 polydioxanone sutures are used to secure the mesh to 
the pelvic floor muscles laterally (Fig. 21.11). The width 
and length of the mesh depend on the dimensions of the 
pelvis and are chosen to assure that the mesh is not placed 
on any tension. Six to eight sutures are then used to secure 
the mesh to the anterior seromuscular rectum with cau- 
tion to avoid full-thickness rectal bites. The mesh is then 
secured to the anterior longitudinal ligament of the sacrum 
with sutures without any tension. At the conclusion of the 
prolapse repair, the peritoneum is closed over both the recto- 
pexy and sacral colpopexy meshes (Fig. 21.12). 


FIGURE 21.11 Ventral rectopexy mesh affixed to the pelvic floor, 
ventral seromuscular layer of the rectum and sacrum. 
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FIGURE 21.12 Ventral rectopexy with sacral colpopexy. 


When performed robotically, port placement for ventral 
rectopexy may be different from what is used during sacral 
colpopexy. At our institution, we have been able to use the 
“W” port configuration, as previously discussed in the sacral 
colpopexy section. Other authors report using more of an 
arch configuration, with two robotic ports on the patient’s 
right lower (arm 1) and right upper quadrants (arm 2). The 
third robotic port is in the left upper quadrant (arm 3). One 
12 mm assistant port is in the left lower quadrant, and a 
5 mm assistant port used for sigmoid retraction is located 
suprapubically (Wong et al., 2011). 

Several case series discuss the feasibility and safety of 
combined laparoscopic vaginal and rectal prolapse pro- 
cedures. Slawik et al. (2007) reported a case series of 74 
patients who underwent laparoscopic ventral rectopexy, 
posterior colporrhaphy and sacral colpopexy. Median opera- 
tive time was 125 min (range 50-210 min), with only one 
conversion to an open procedure. Patients had only minor 
postoperative complications (three fecal impactions, one 
port-site infection, one urinary tract infection, and one 
chest infection). These women were followed for a median 
of 54 months (range 20-96 months). Although no patient 
developed recurrent full thickness rectal prolapse, four 
had symptoms of postoperative residual hypertrophied 
rectal mucosal prolapse. Wexner fecal incontinence scores 
improved in 91% of patients and obstructed defecation 
resolved in 80%; three patients, however, reported new- 
onset minor issues with defecation. Although they did not 
report objective or subjective outcomes for vaginal pro- 
lapse or urinary incontinence, there were only 2 cases of de 
novo stress incontinence treated with TVT. No mesh ero- 
sions were reported. Although poorly defined, pelvic pain 
resolved in all but one patient postoperatively. 


A recent systematic review on ventral rectopexy for 
rectal prolapse and rectal intussusception included 12 case 
series with a total of 728 patients (Samaranayake et al., 
2010). Seven studies utilized a ventral rectopexy with pos- 
terior rectal mobilization to the pelvic floor (Orr-Loygue 
procedure), and five utilized ventral rectopexy without 
posterior rectal mobilization. Overall, weighted mean per- 
centage decrease in fecal incontinence was 45% (95% CI, 
35.6-54.1%), and weighted mean decrease in constipation 
was 24% (95% CI, 6.8-40.9%). Recurrent rates of rectal pro- 
lapse ranged from 0 to 15.4% over mean follow-up periods 
ranging from 3 to 106 months. The most common compli- 
cations were urinary tract infections (N = 11) and port-site 
or incisional hernias (N = 16). There were four reported 
mesh-related complications. One patient died because of 
sepsis attributed to infection of a nylon mesh. There was 
one mesh erosion and two mesh detachments. Another 
recently published systematic review included 866 patients 
from 13 observational studies and examined the use of bio- 
logic and synthetic mesh for laparoscopic ventral rectopexy 
(Smart et al., 2013). Although there were only 99 patients 
with a biologic implant, they noted that there was no differ- 
ence in recurrent rates (3.7% versus 4%; P = 0.78) or mesh 
complications (0.7% versus 0%; P = 1.0) between biologic 
or synthetic mesh in ventral rectopexy cases. Median fol- 
low-up time ranged from 7 to 74 months. 

Other studies have compared operative, clinical, and cost 
results between ventral rectopexy performed laparoscopi- 
cally and robotically (Wong et al., 2011; Heemskerk et al., 
2007; de Hoog et al., 2009). Overall, small comparative stud- 
ies report no difference in perioperative complications. One 
study found similar short-term outcomes for robotic and 
laparoscopic procedures. Another prospective cohort of 82 
patients found recurrent rectal prolapse more frequent after 
laparoscopic and robotic procedure compared with open 
rectopexy (27%, 20%, and 2%, respectively; P = 0.008). 
Robotic cases took longer (221 + 39 versus 162 + 60 min; 
P = 0.0001) than laparoscopic rectopexy and cost more to 
perform ($4910 versus $4,165; P = 0.012) (Wong et al., 
2011; Heemskerk et al., 2007). Robotic-assisted laparoscopy, 
however, may help with ease of suturing for those colorectal 
surgeons who are not accustomed to suturing laparoscopically. 

Long-term outcomes of laparoscopic ventral recto- 
pexy are discussed by D’Hoore et al. (2004). Their cohort 
included 42 patients (38 women) who underwent lapa- 
roscopic ventral rectopexy with Marlex mesh secured to 
the rectum with Ethibond suture and fixated to the sacral 
promontory with either sutures or staples. They were fol- 
lowed for a median of 61 months (range 29-98 months), 
there were no major postoperative complications and no 
readmissions. Two patients had recurrent rectal prolapse. 
The fecal incontinence score improved in all but three of 
the fecally incontinent patients. There was no dyspareunia 
in the 25 sexually active women. There were no mesh ero- 
sions or other mesh-related complications reported. 


Laparoscopic Uterosacral Ligament 
Vaginal Vault Suspension 
In order to suspend the vaginal apex to the uterosacral liga- 


ments, the surgeon must dissect and delineate the pubo- 
cervical and rectovaginal fascias. The surgeon sutures the 
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full thickness of the uterosacral ligament at the proximal 
portion, going from lateral to medial, with a no. O nonab- 
sorbable or delayed absorbable suture and reattaches it to 
the vaginal apex with a full thickness stitch incorporating 
the uterosacral/cardinal ligament complex and rectovagi- 
nal fascia, excluding the vaginal epithelium. This stitch is 
tied extracorporeally, and the opposite uterosacral ligament 
is reattached in the same fashion. Two or three additional 
stitches are taken more proximally on the uterosacral liga- 
ments on each side to reattach them to the rectovaginal fas- 
cia (Fig. 21.13). Plication of the uterosacral ligaments is not 
necessary. If concomitant enterocele repair is performed, 
the uterosacral ligaments may be tagged before dissection 
of the posterior vagina and rectovaginal septum. This allows 
the uterosacral ligaments to be easily identified for subse- 
quent suspension. Peritoneal incisions may be made laterally 
to the uterosacral ligaments to prevent ureteral kinking with 
uterosacral suture placement. 

The apical vault repair described by Ross (1997) reestab- 
lished the lateral and posterior paracervical rings of endopel- 
vic fascia by bringing the rectovaginal septum and cardinal/ 
uterosacral ligaments together. After the peritoneum is dis- 
sected off the vaginal apex and the pubocervical fascia and 
rectovaginal septum are identified, a no. 0 nonabsorbable 
suture is used to incorporate the left and right uterosacral 
and cardinal ligaments, the rectovaginal septum, and poste- 
rior vaginal wall in purse-string stitches, thus plicating the 
uterosacral ligaments. The first stitch is placed in the utero- 
sacral ligament approximately 3 to 4 cm proximal to the 
vaginal apex. Three or more successive stitches are placed 
until the vaginal apex is reached. The final suture incorpo- 
rates the pubocervical fascia into the repair. This repair dif- 
fers from the uterosacral ligament vaginal vault suspension 
by placement of purse-string sutures resulting in uterosacral 
ligament plication. 

A retrospective cohort study by Rardin et al. (2009) 
examined risk of ureteral compromise and anatomic results 
when comparing uterosacral suspension performed by 
either laparoscopic or vaginal route. One hundred eighteen 
patients were included, with 96 patients in the vaginal group 
and 22 in the laparoscopic group. Laparoscopically, bilateral 
peritoneal relaxing incisions were performed medial to the 
ureter before passing either one or two CV-O Gore-tex® 
sutures (W.L. Gore & Associates, Inc., Flagstaff, AZ) doubly 
through the uterosacral ligament before securing these to 
the vaginal cuff, both anterior and posterior to the trans- 
verse cuff closure incision. Vaginal uterosacral suspension 
was performed with permanent and delayed absorbable 
suture in the manner described by Barber et al. (2000). 
Intraoperative cystoscopy was performed in all cases after 
administration of indigo carmine. Concomitant repairs 
were performed either laparoscopically or vaginally, as indi- 
cated. Patients were followed at 2 and 6 weeks and 6 and 
12 months. Both groups underwent similar types of concur- 
rent incontinence procedures. Concurrent repair of anterior 
compartment defects was performed differently, with para- 
vaginal repair utilized more frequently in the laparoscopic 
group. Ureteral compromise was identified in 4 patients 
(4.2%) in the vaginal suspension group intraoperatively; 
none were identified in the laparoscopic suspension group. 
Mean follow-up was 8.8 + 0.7 months in the vaginal group 
and 10.8 + 1.4 months in the laparoscopic group. Vaginal 


FIGURE 21.13 Laparoscopic uterosacral vaginal vault suspension. 
Uterosacral ligaments have been sutured into the pubocervical and 
rectovaginal fascias. 


support of point C was significantly higher in the laparo- 
scopic group (—7.0 versus —5.9; P = 0.04), but other mean 
postoperative POP-Q measurements were similar between 
the two groups. 

A retrospective cohort study by Diwan et al. (2005) 
compared laparoscopic uterosacral uterine suspension to 
vaginal hysterectomy with either vaginal uterosacral or 
sacrospinous ligament suspension. Twenty-five pairs of sub- 
jects were included in the study and were matched for age, 
POP-Q point C, and symptoms. Vaginal apical support was 
significantly better in the laparoscopic uterosacral uterine 
suspension group compared with the vaginal surgery group 
(—9 versus —7.6; P = 0.002). Blood loss and postoperative 
hospitalization were less in the laparoscopic group (72 mL 
versus 227 mL; P < 0.0001 and 1.05 versus 1.65 days; 
P = 0.002). There were no intraoperative or postoperative 
complications, but three patients in the vaginal surgery group 
underwent repeat surgeries for apical prolapse between 37 
and 59 weeks postoperatively. Longevity of laparoscopic 
uterosacral vault suspension was further examined by Lin 
et al. (2005) ina case series of 133 laparoscopic vaginal vault 
suspensions for Baden Walker grade two or greater prolapse. 
At follow-up ranging from 2 to 7 years (Lin et al., 2005), 
87% of women had no recurrent prolapse. 


Moschcowitz and Halban Procedure 


The Moschcowitz procedure is performed laparoscopi- 
cally in the same manner as it is during laparotomy. A no. 
0 nonabsorbable 36-in suture is stitched in the peritoneum 
around the cul-de-sac in a purse-string fashion and subse- 
quently tied extracorporeally. Additional sutures are placed 
as needed. The ureters should be examined carefully dur- 
ing and after the Moschcowitz procedure. The peritoneum 
medial to the ureters may be incised to prevent ureteral 
kinking. 

The Halban procedure is performed by suturing no. 0 
nonabsorbable suture starting at the posterior vagina and 
proceeding longitudinally over the cul-de-sac peritoneum 
and then over the inferior sigmoid serosa. These sutures are 
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tied as they are placed. Sutures should be approximately 
1 cm apart. Little risk of ureteral compromise is present 
with this procedure; however, it is important to visualize the 
ureters after all sutures are tied. 


Laparoscopic Enterocele Repair 


The enterocele sac is dissected laparoscopically or vaginally 
so that the endopelvic fascial defects are identified, and the 
pubocervical fascia and rectovaginal fascia are delineated. If 
the enterocele is large, the surgeon excises redundant peri- 
toneum and vagina by the vaginal route, taking care not to 
foreshorten or narrow the vaginal apex. A vaginal obturator, 
sponge stick, or equivalent vaginal manipulator (EEA sizer 
by U.S. Surgical Corp., Norwalk, CT; the CDH by Ethicon 
Endo-Surgery, Inc., Cincinnati, OH) may be used for delin- 
eation of the vaginal apex or rectum when performing the 
dissection laparoscopically. The pubocervical and rectovagi- 
nal fascial edges are reapproximated with a no. 0 nonabsorb- 
able suture in interrupted stitches until the fascial defect is 
closed. Extracorporeal knot-tying is performed after each 
stitch is placed, which is often performed concomitantly 
with a uterosacral ligament vaginal vault suspension so that 
apical suspension is reestablished. 


Laparoscopic and Robotic Retropubic 
Surgical Procedures 


In the first report, Vancaillie and Schuessler (1991) laparo- 
scopically duplicated the conventional Marshall-Marchetti- 
Krantz (MMK) procedure. Subsequently, Albala et al. 
(1992) published a case series of MMK and Burch proce- 
dures. Many investigators have modified the laparoscopic 
retropubic colposuspension using varying numbers and 
types of suture, synthetic mesh, staples, bone anchors, coils, 
tacks, fibrin sealant, and radiofrequency. These modifica- 
tions, however, have not improved outcomes, and several 
have been wrought with complications. Consequently, we 
recommend performing the procedure similar to the open 
technique, using only suture. Various suturing and needle 
devices have been used to simplify laparoscopic suturing and 
knot-tying, which are the most difficult skills to acquire lap- 
aroscopically but may be facilitated with robotic assistance. 

The Burch procedure can be performed via a small 
laparotomy incision with good long-term success and mini- 
mal morbidity. Utilization of the Burch procedure greatly 
decreased with introduction and utilization of the midure- 
thral sling procedures. However, use of the Burch proce- 
dure is undergoing a resurgence following the FDA warnings 
regarding the use of vaginal mesh for prolapse and inconti- 
nence procedures. 


Indications 


After the patient has been diagnosed with stress inconti- 
nence and has opted for surgical management, the choice 
of laparoscopic versus open retropubic colposuspension 
depends on numerous factors: history of previous pelvic or 
anti-incontinence surgery; history of severe abdominopelvic 
infection or known extensive abdominopelvic adhesions; 
patient age and weight; ability to undergo general anesthesia; 
need for concomitant abdominal, pelvic, or vaginal surgery; 


patient preference; a desire to avoid vaginally placed mesh; 
and operator experience and preference. To date, most lapa- 
roscopic colposuspensions have been done for only primary 
stress incontinence because of difficulty in dissecting ret- 
ropubic adhesions. Many patients choose laparoscopic and 
robotic-assisted surgery because of the smaller, more cos- 
metic incisions, shorter recuperation time, and rapid return 
to work. 


Access Route: Extraperitoneal 
or Intraperitoneal 


The utilization of an extraperitoneal or intraperitoneal 
approach depends on whether concomitant intraperitoneal 
procedures are being performed, on whether the patient has 
had previous abdominal wall surgery, and on surgeon prefer- 
ence. Previous retropubic surgery is a contraindication for 
extraperitoneal approach, and low transverse or midline 
incisions make the dissection more difficult and prone to 
failure. Some surgeons report less operating time, easier 
dissection, and fewer bladder injuries with the extraperito- 
neal route. This route is sometimes easier because the bal- 
loon performs the majority of the dissection. We prefer the 
intraperitoneal approach because it allows a larger operating 
space for safe, secure, comfortable handling of the suture. 
Furthermore, a culdoplasty or other intraperitoneal surgery 
can be performed concomitantly. 

The intraperitoneal approach begins with insertion of the 
0-degree laparoscope (5 mm or 10 mm) through a respec- 
tive 5 or 10 mm intraumbilical or infraumbilical cannula 
followed by intra-abdominal insufflation. Inspection of the 
peritoneal cavity is performed, delineating the inferior epi- 
gastric vessels, abdominal and pelvic organs, pelvic adhe- 
sions, and coexisting abdominal or pelvic pathology. Two 
additional trocars (a 5 mm and a 5/12 mm or two 5/12 mm 
ports) are placed under direct visualization, one on each 
side, as previously noted. 

All trocars are nondisposable except the 5/12 mm trocar 
through which 5 and 10 mm instruments are introduced. 
This site is used for introduction of the needles and sutures. 
Some surgeons backload the suture through 5 mm ports and 
introduce and remove needles through the skin incisions. 
This is easily accomplished in thinner patients. However, 
trauma to the subcutaneous tissues and inferior epigastric 
vessels may result with this technique. Furthermore, it is 
difficult to use this technique with sutures with double- 
armed needles. 

The bladder is filled with 200 to 300 mL sterile water 
or saline through a 16 French, three-way Foley catheter 
(indigo carmine or methylene blue is optional). Using sharp 
dissection with electrocautery or harmonic scalpel, a trans- 
verse incision 2 cm above the bladder reflection between 
the medial umbilical folds is made. Identification of the 
loose areolar tissue at the point of incision confirms a proper 
plane of dissection. The risk of bladder injury is decreased 
by using both blunt and sharp dissection aiming toward the 
posterior-superior aspect of the pubic symphysis. This dis- 
section may be more difficult if prior retropubic surgery has 
been performed. Blunt dissection is then carried out infer- 
olaterally on both sides to identify the pubic symphysis, 
Cooper’s ligaments, and bladder neck. Once Cooper’s liga- 
ments are exposed, the bladder is then drained to facilitate 
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FIGURE 21.14 Retropubic space 
anatomy. X identifies suture place- 
ment during Burch procedure. 


dissection until the arcus tendineus fasciae pelvis is iden- 
tified. Mobilization of the Foley bulb facilitates identifica- 
tion of the bladder neck. Medial dissection over the urethra 
should be avoided. 

The extraperitoneal approach to the space of Retzius 
is best performed using a balloon dissector (Origin Med- 
systems, Menlo Park, CA; U.S. Surgical Corp., Norwalk, 
CT). This approach begins with an infraumbilical incision 
and modified open laparoscopy. After the anterior sheath 
of the rectus fascia is incised, a finger is swept around the 
rectus muscle over the posterior rectus sheath and into the 
preperitoneal space. Lubricated Hagar dilators can aid blunt 
dissection to the retropubic space. The space of Retzius is 
dissected by tunneling the tip of the dissector to the pos- 
terior superior aspect of the pubic symphysis. The balloon 
is subsequently inflated under video guidance. A 10 mm 
Hasson cannula or its modification (some alternatives have 
inflatable balloons on the shaft to decrease CO; loss) is then 
placed, a 0-degree laparoscope is inserted, and CO; is insuf- 
flated into the preperitoneal space. Further delineation of 
the retropubic anatomy is achieved with blunt dissection. 
Two additional ports are placed under direct vision lateral 
to the inferior epigastric vessels, taking special care to avoid 
entry into the peritoneal cavity. 


Burch Colposuspension 


After the space of Retzius is exposed, the surgeon places two 
fingers in the vagina and identifies the urethrovesical junc- 
tion by placing gentle traction on the Foley catheter. With 
elevation of the vaginal fingers, the vaginal wall lateral to the 
bladder neck is exposed by using a laparoscopic blunt-tipped 
dissector. As recommended by ‘Tanagho (1976), no dissec- 
tion is performed within 2 cm of the bladder neck to avoid 
bleeding and damage to the periurethral musculature and 
nerve supply. Cadaveric studies have shown that the obtura- 
tor canal is located approximately 5.4 cm (range 4.5-6.1) lat- 
eral to the pubic symphysis and 1.7 cm (1.5-2.6 cm) inferior 
to the iliopectineal line (Drewes et al., 2005). The external 
iliac vessels are located approximately 1 cm lateral to the 
obturator canal, and 7.3 cm (range 6.3-8.5 cm) lateral to 
the pubic symphysis (Pathi et al., 2009). Additionally, arte- 
rial and venous anastomotic networks between the inferior 
epigastric and obturator vessels have been described in this 
anatomic region (Drewes et al., 2005) (Figs. 21.1 and 21.3). 


FIGURE 21.15 Laparoscopic panoramic view of a completed 
colposuspension. 


We place stitches in the vaginal wall, excluding the vaginal 
epithelium at the level of, or just proximal to, the midure- 
thral and bladder neck (Fig. 21.14). No. 0 nonabsorbable 
suture on a double armed SH or CT-2 needle is placed in a 
figure-eight stitch incorporating the entire thickness of the 
anterior vaginal wall. The needle is then passed ipsilater- 
ally through Cooper’s ligaments. If double-armed suture 
is used, we make two passes through Cooper’s ligaments 
and subsequently tie above the ligaments. We place Gel- 
foam (Pharmacia Upjohn, Inc., Kalamazoo, MI) between 
the vaginal wall and the obturator fascia before knot-tying 
to promote fibrosis. With simultaneous vaginal elevation, 
the suture is tied with six extracorporeal square knots. Two 
granny half-hitches (equivalent to a surgical knot) and a flat 
square knot secure the stitch. Our technique for laparo- 
scopic Burch procedure is illustrated in Figure 21.15. Of 
note, when performing a concurrent paravaginal repair with 
a Burch colposuspension, we recommend performing the 
paravaginal defect repair first. 

Sutures are tied as they are placed to avoid tangling. 
Midurethral stitches are placed first, although this is a mat- 
ter of preference. Placing stitches from the contralateral 
port is easier. For example, a right-handed surgeon elevates 
the vagina with his or her left hand while simultaneously 
placing stitches on the patient’s right side through the lower 


left port. In this circumstance, the principal surgeon must 
switch sides with the assistant. If the lower quadrant ports 
are placed higher (at or slightly below the level of the umbi- 
licus), placement of ipsilateral stitches is facilitated because 
the angle to the ipsilateral vaginal wall and Cooper’s liga- 
ments is less acute. The appropriate level of bladder neck 
elevation is estimated with the assistant’s vaginal hand. The 
assistant elevates the vaginal wall to place the urethra and 
bladder neck in a high retropubic position, which does not 
result in kinking or compression of the urethra. The goal 
is to elevate bilaterally the vaginal wall to the level of the 
arcus tendineus fasciae pelvis so that the bladder neck is 
supported and stabilized by the vaginal wall that acts as a 
hammock between both “white lines.” In tying the sutures, 
the surgeon should not reapproximate the vaginal wall to 
Cooper’s ligaments or place too much tension on the vaginal 
wall. A suture bridge of 1.5 to 2 cm is common. 

When double-armed needles are used, application of two 
5/12-mm ports can streamline the procedure. A surgeon 
can use one port for suture and needle introduction and the 
other port for needle exit and knot-tying. After introduc- 
ing the first needle, the surgeon takes a stitch through the 
endopelvic fascia and vaginal wall, then through Cooper’s 
ligaments, and removes it through the opposite port. The 
second needle is introduced and an additional stitch is taken 
perpendicularly in the endopelvic fascia to the first stitch 
(resulting in a double throw), then through Cooper’s liga- 
ments. The second stitch is removed and extracorporeal 
knot-tying is performed after placement of Gelfoam. This 
technique diminishes suture locking. Alternatively, if using 
robotic assistance, a monofilament permanent suture can 
be placed first through Cooper’s ligament and then through 
the periurethral endopelvic fascia. In this technique, the 
bedside or vaginal assistant elevates the vagina. 

A cystourethroscopy is performed after the sutures are 
passed to confirm ureteral patency and absence of urinary 
tract injury. A suprapubic catheter is placed, if desired. The 
surgeon must re-inspect the space of Retzius for bleeding 
while reducing the carbon dioxide insufflation. Routine 
closure of the peritoneum is performed based on surgeon 
preference. 


Paravaginal Defect Repair 


The laparoscopic approach to the space of Retzius for the 
paravaginal defect repair is identical to the Burch procedure. 
The dissection is carried out laterally with a blunt-tipped 
dissector until the obturator internus muscle, obturator 
foramen with neurovascular bundle, and arcus tendineus 
fasciae pelvis are delineated. A vaginal hand is used to ele- 
vate the vagina and medially retract the bladder, thus aiding 
in the dissection of the vagina and lateral landmarks. Blunt 
dissection is carried out dorsally until vaginal palpation of 
the ischial spine is visualized laparoscopically. 

Starting at the vaginal apex, a no. 2-0 nonabsorbable, 36 
or 48 in suture on a CT-2 needle is used to place a stitch 
into the full thickness of the vagina (excluding the vaginal 
epithelium) and then into the arcus tendineus fasciae pelvis, 
which is 3 to 4 cm below the obturator fossa (Fig. 21.16). 
This is then tied extracorporeally. An additional three to 
five sutures are placed through the vaginal wall and into the 
arcus tendineus or fascia of the obturator internus muscle 
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FIGURE 21.16 Laparoscopic panoramic view of a paravaginal defect 
repair. 


at 1 to 2 cm intervals until the defect is closed. The same 
procedure is performed on the opposite side. If this proce- 
dure is performed concomitantly with the Burch colposus- 
pension, the paravaginal defect repair should be performed 
first because exposure of the lateral defect decreases after 
the Burch sutures are tied. We first place the stitch at the 
level of the ischial spine and then place subsequent distal 
stitches as needed. After all sutures are placed and tied, 
transurethral cystoscopy or suprapubic telescopy is done to 
document ureteral patency and absence of sutures in the 
bladder. A suprapubic catheter is placed, if desired. The sur- 
geon must re-inspect the space of Retzius for bleeding while 
reducing the carbon dioxide insufflation. Routine closure of 
the peritoneum is performed based on surgeon preference. 


Clinical Results and Complications 


A recent Cochrane review compared laparoscopic Burch 
colposuspension for treatment of stress urinary incontinence 
to open Burch colposuspension (Lapitan and Cody, 2012). 
Twelve randomized trials were included, with a total of 1260 
women studied. Women who ever leaked urine were used 
as an indicator of subjective incontinence. Comparison of 
short-term success was limited by the combined estimates 
showing a wide confidence interval, favoring either approach 
(RR, 0.97; 95% CI, 0.79-1.18). The combined estimate 
favored open Burch in the medium term (1-5 years), but 
this did not show statistical significance, and there was 
significant heterogeneity (RR, 0.88; 95% CI, 0.75-1.03). 
When the Ankardal data was removed, which utilized mesh 
and staples during laparoscopic colposuspension and showed 
considerably better results with open Burch (Ankardal 
et al., 2004), there was no difference in stress incontinence 
cure rates between open and laparoscopic colposuspension 
(RR, 0.95; 95% CI, 0.80-1.11). Only one trial with 64 par- 
ticipants was included in long-term analysis (Morris et al., 
2001). Although statistical significance was not reached, 
this seemed to favor laparoscopic Burch (RR, 1.89; 95% CI, 
0.99-3.59). In this trial, however, there was a >50% incon- 
tinence rate after open Burch, which was much greater than 
that reported in other trials. Objective data regarding stress 
incontinence outcomes, both in the short (six trials) and 
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Survival 


— TVT n=32 
— LSC n=34 


FIGURE 21.17 No significant dif- 
ference in the development of 
bothersome stress urinary incon- 10 20 
tinence after tension-free vaginal 
tape (TVT) and laparoscopic Burch 
colpopsuspension (LSC) over time 
(months). 


Burch colposuspension. 


mid (seven trials) term did not show differences between 
laparoscopic and open Burch (RR, 0.88; 95% CI, 0.64-1.21 
and RR, 0.92; 95% CI, 0.71-1.19, respectively). 

There were slight differences in some of the surgical 
parameters and perioperative complications between lapa- 
roscopic and open Burch (Lapitan and Cody, 2012). Time 
for open Burch was significantly shorter (range, 15-41 min) 
than for laparoscopic in three of the four trials comparing 
procedural time. Five of the seven trials reported a longer 
hospital stay for open Burch, with two trials showing no dif- 
ference in length of stay. Four trials showed higher rate of 
bladder perforation for the laparoscopic Burch (0.6% ver- 
sus 3%; RR, 0.22; 95% CI, 0.06-0.87). Six trials showed 
no significant differences in de novo detrusor overactivity 
(8% versus 11%; RR, 0.82; 95% CI, 0.48-1.38) or voiding 
difficulties (10% versus 9%; RR, 1.12; 95% CI, 0.70-1.79) 
between laparoscopic and open Burch. Two trials reported a 
total of 39 new or recurrent prolapse events, rate 11% ver- 
sus 9%, with no significant difference between laparoscopic 
and open Burch. 

Over the past 10 years, the minimally invasive midure- 
thral sling has supplanted the use of the minimally inva- 
sive Burch in many circumstances. An earlier Cochrane 
review compared laparoscopic Burch colposuspension to 
other currently available surgical treatments of urody- 
namic stress incontinence (Dean et al., 2010). Eight studies 
were included in this analysis of laparoscopic Burch versus 
midurethral sling. There were some procedural variations 
between the laparoscopic Burch, and one trial utilized an 
SPARC midurethral sling (Foot et al., 2006), but the remain- 
der included retropubic midurethral slings. Overall, subjec- 
tive cure did not differ significantly between the groups at 
18 months (RR, 0.91; 95% CI, 0.80-1.02). One study by 
Valpas et al. (2004) utilized mesh for the extraperitoneal 
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Kaplan-Meier survival curves for the development of bothersome SUI after TVT or laparoscopic 


laparoscopic Burch, and subjective cure rates favored the 
midurethral sling. In the long-term follow-up study by 
Jelovsek et al. (2008) and Paraiso et al. (2004), there was 
no significant difference in the percentage of women report- 
ing any urinary incontinence symptoms in the laparoscopic 
Burch (58%) and the TVT groups (48%) at 4 to 8 years of 
follow-up (RR, 1.19; 95% CI, 0.71-2.0). Only 11% (3/28) 
of the laparoscopic Burch patients and 8% (2/25) of the 
TVT patients reported bothersome stress incontinence 
at 4 to 8 years (RR, 1.3; 95% CI, 0.24-7.4) (Fig. 21.17) 
(Jelovsek et al., 2008). 

Objective cure with urodynamics was assessed by three 
of the studies in the Cochrane review and showed no dif- 
ference between the two procedures (RR, 0.91; 95% CI, 
0.80-1.03) (Dean et al., 2010). Other definitions of objec- 
tive cure included negative pads tests, negative clinical 
stress tests, or absence of leaks on urinary diary. Overall, 
laparoscopic Burch exhibited statistically significant, lower, 
objective cure rates (RR, 0.88; 95% CI, 0.81-0.95). There 
was no difference in de novo detrusor overactivity within 
18 months (RR, 0.80; 95% CI, 0.34-1.88); although three 
studies (Adile et al., 2001; Paraiso et al., 2004; Ustun et al., 
2003) reported that de novo detrusor overactivity was more 
common in the vaginal sling group and one trial (Maher 
et al., 2004) reporting that it was higher in the laparoscopic 
Burch group. 

Seven of the included studies reported perioperative 
complications. There were no significant differences in 
perioperative complications between vaginal sling and lapa- 
roscopic Burch (RR, 0.99; 95% CI, 0.60-1.64). Length of 
hospital stay was shorter for the vaginal sling group by 1 
day (MD, 1.10; 95% CI, 0.79-1.41), and time to return to 
normal activity was longer for the laparoscopic Burch group 


(Dean et al., 2010). 
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Two cases of foreign body erosions (tacks) into the blad- 
der have been reported after modification of laparoscopic 
colposuspension using mesh and tacks (Kenton et al., 2002). 
Modifications of laparoscopic colposuspension using mesh 
and tacks or staples and diminishing the number of sutures 
to decrease operating time are not recommended because of 
compromise to the procedure’s efficacy (Dean et al., 2010). 
Generalizability of the data regarding laparoscopic Burch 
colposuspension is a concern because the majority of inves- 
tigations were carried out by expert laparoscopists. Despite 
the steep learning curve associated with laparoscopic col- 
posuspension, implementation of modifications should be 
avoided. 

Although robotic and single port laparoscopic technology 
has been applied to laparoscopy for prolapse repair, it is not 
currently widely used for colposuspension. One case report 
including two cases utilizing an extraperitoneal, four-port 
technique showed that robotic Burch is feasible; other fac- 
tors, however, may limit its applicability (Khan et al., 2007). 
A recent case series of 15 patients from Turkey utilized a 
single-port, extraperitoneal laparoscopic technique for 
Burch colposuspension in women with urodynamic stress 
incontinence. This approach, however, used a polypropyl- 
ene mesh secured to Cooper’s ligament and paravaginally 
with titanium tacks. They report a poorly defined cure rate 
of 73% at 6 and 12 months (Gumus et al., 2013). The cur- 
rent literature is scant with applications of robotic or single 
port techniques for laparoscopic Burch. 


Cost of Minimally Invasive Prolapse 
and Continence Surgery 


The cost of minimally invasive prolapse surgery has been 
compared between laparoscopic and robotic procedures. 
In addition, minimally invasive approaches have also been 
compared to both vaginal and abdominal approaches to 
prolapse repair. Surgical costs can be calculated in several 
different ways; consequently, comparison of cost data can 
be difficult. In her recent work examining treatment strat- 
egies for pelvic organ prolapse from a cost-effectiveness 
standpoint using a Markov process model, Hullfish et al. 
(2011) found that pessary use (including those patients 
who eventually transitioned to surgery) and vaginal recon- 
structive surgery to be the most cost efficient. Not surpris- 
ingly, robotic-assisted laparoscopic sacral colpopexy was 
the least cost efficient. Laparoscopic sacral colpopexy was 
not included in the model. Hullfish noted that the field of 
female pelvic reconstructive surgery currently lacks accu- 
rate quality data to enhance cost-effectiveness models. She 
suggests that our field would greatly benefit from data reg- 
istries for female pelvic medicine patients, similar to the 
general surgery National Surgical Quality Improvement 
Program database. 

The number and type of reusable and disposable lapa- 
roscopic and robotic instruments varies according to case 
type and surgeon preference. Currently, the da Vinci SI 
single console robotic surgical system costs $1.8 mil- 
lion, and the SI dual console system costs $2.3 million 
(personal communication, August 2012). Yearly robotic 
maintenance is $150,000, and the average cost of robotic 
instruments is $1500 to $2000 per instrument (10 uses), 
approximating $150 to $200 per instrument, per case. 


During robotic sacral colpopexy, one typically uses five 
robotic instruments. 


Cost: Minimally Invasive Prolapse Surgery 


In a recent cost-minimization analysis performed in a ret- 
rospective cohort of patients who had undergone either 
robotic or open sacral colpopexy at Stanford, it was deter- 
mined that, although operating times did not significantly 
differ between cases, the postoperative length of stay was 
significantly shorter for robotic cases (1.0 versus 3.3 days; 
P < 0.001), conferring an overall lower base cost for robotic 
sacral colpopexy ($10,178) compared to open sacral col- 
popexy ($11,307) (Elliot et al., 2012). Elliot’s Tornado 
analysis suggested that the number of yearly institutional 
cases, length of stay, and cost per hospitalization day were 
the greatest drivers of cost. 

In our prospective randomized controlled trial, we com- 
pared costs of robotic and laparoscopic sacral colpopexy as 
part of our secondary analysis (Paraiso et al., 2011). Costs 
were examined from a health care system perspective and 
did not include costs incurred to the patient or additional 
societal costs. Surgical costs were collected from the health 
system-wide accounting system for the surgery, hospital- 
ization, and surgery-related inpatient and outpatient care 
through the 6-week postoperative visit. Estimated total cost 
for procedure was calculated using a formula that used esti- 
mated direct and indirect costs. The cost analysis did not 
account for the initial robot purchase or yearly maintenance. 
Robotic sacral colpopexy cost more than laparoscopic sacral 
colpopexy ($16,278 + $3326 versus $14,342 + $2941, 
respectively), with a mean difference of +$1936 (95% CI, 
$417-$3454; P = 0.008). The cost discrepancy was mainly 
driven by the difference in operating room costs (MD, 
+$1667; 95% CI, $448-$2885; P = 0.008). 

Maher et al. (2012) performed a cost minimization 
analysis comparing laparoscopic sacral colpopexy with total 
vaginal mesh in both public and private insurance sectors 
of the Australian health system. The primary clinical costs 
in his model were derived from his randomized controlled 
trial comparing laparoscopic sacral colpopexy with total 
vaginal mesh prolapse repairs. The model also included 
women’s time opportunity to estimate the primary, proce- 
dural economic costs; re-operation costs were also added to 
estimate economic cost per subject. They found that laparo- 
scopic sacral colpopexy had a lower mean total economic 
cost compared with total vaginal mesh ($14,295.71 versus 
$18,288.80; MD, $4013; 95% CI, $3107.77-$4918.37). 
Although labor costs were significantly greater for the 
laparoscopic sacral colpopexy, these were offset by lower 
consumable, inpatient, opportunity, and reoperation costs 
compared with total vaginal mesh prolapse repairs. 


Cost: Minimally Invasive Continence Surgery 


The cost effectiveness of minimally invasive Burch colpo- 
suspension has been compared with TVT in many analyses. 
Ankardal et al. (2007) compared direct health care costs in 
Sweden for open Burch, laparoscopic Burch with sutures, 
laparoscopic Burch with mesh and staples, and TVT using 
1-year clinical outcomes data from previously published stud- 
ies from their institution. The TVT direct cost was 44% less 
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than the open Burch (P < 0.001) and 41% less than laparo- 
scopic Burch with sutures (P < 0.001). Cost differences were 
largely driven by hospital time used, which included operating 
time, anesthesia time, recovery time, and need for an opera- 
tive assistant in the open and minimally invasive Burch cases. 

Wu et al. (2007) examined the cost-effectiveness of 
open Burch colposuspension with the TVT in treating pri- 
mary stress incontinence using a Markov decision model to 
compare costs (in 2005 dollars) and effectiveness (quality 
adjusted life years). Although the Burch cost more for the 
base-case than the TVT ($9320 versus $8081), the Burch 
was slightly more effective (7.260 versus 7.248 quality 
adjusted life years). They found that the Burch was not 
cost-effective compared with the TVT, but suggested that, 
if the TVT rate of failure increased over time, the Burch 
may become more cost-effective. 

Finally, in their 2002 work, Persson et al. (2002) per- 
formed a cost analysis based on a prospective, randomized 
study comparing laparoscopic Burch with TVT. They cal- 
culated hospital costs in their model and included intra- 
operative costs, postoperative costs, and costs related to 
complications in the 2 months after surgery. They did not 
calculate societal costs for time lost from work. They found 
that TVT, performed with the patient under local anesthesia, 
had a higher average total cost per procedure compared with 
intraperitoneal laparoscopic colposuspension (Euro1342.8 
versus Euro] 273.4, respectively; P < 0.001). Although aver- 
age surgical time was lower for TVT (44.9 + 14.2 versus 
59.9 + 13.4 min; P < 0.001), the difference was attributed 
to the cost of the TVT kit. Of note, the authors stated that 
they had recently started performing the TVT procedure 
and noted that procedure costs would have been equivalent 
if they reduced their operative time for TVT by 15.7 min. 


Discussion 


Laparoscopy is a means of less-invasive surgical access, but 
should not be considered a unique procedure. We believe 
that the minimally invasive and open sacral colpopexy and 
colposuspension procedures should be identical in opera- 
tive techniques. The benefits of improved visualization of 
anatomic structures and the small incisions associated with 
minimally invasive approaches are desirable, particularly in 
obese patients. The advantages of less postoperative pain, 
shorter hospitalization, shortened recovery period, and ear- 
lier return to work are very popular with patients, but these 
advantages are partially offset by increased operating time 
and, in many cases, increased cost. 

Although the use of the laparoscopic Burch has largely 
been supplanted by the use of the minimally invasive 
midurethral sling over the past 15 years, a recent longi- 
tudinal study of a large medical claims database including 
155,458 women who underwent stress incontinence sur- 
geries showed that Burch procedures had the lowest 9-year 
cumulative incidence of repeat surgery (10.8%; 95% CI, 
9.3-12.3), compared with any other continence procedure, 
including midurethral slings (13.0%; 95% CI, 11.7-14.3). 
Laparoscopic continence procedures, which included laparo- 
scopic Burch and laparoscopic sling procedures, had a 9-year 
cumulative incidence of repeat surgery of 16.9% (95% CI, 
9.4-24.5) (Jonsson Funk et al., 2012). These results, com- 


bined with increased public concern about vaginal mesh and 


increased utilization of laparoscopic and robotic techniques, 
may spur a resurgence in laparoscopic Burch use. 

Although the quality of surgical trials for minimally inva- 
sive prolapse and continence procedures has increased over 
the past 5 years, the field of pelvic reconstructive surgery 
still needs long-term outcomes from multicenter, prospec- 
tive, randomized trials. Surgical recovery and health-related 
quality of life indices must be included in further work. 
These patient-centered outcomes, along with surgical effi- 
ciency and cost containment, must be emphasized when 
training the next generation of minimally invasive pelvic 
reconstructive surgeons. 
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Introduction 


In 1938 Murless reported the use of morrhuate sodium 
for injection management of urinary incontinence. In the 
early 1990s, bovine collagen was introduced for the treat- 
ment of stress urinary incontinence and was the gold stan- 
dard with which all later studies are compared, although 
production of this material was halted in 2011. Since the 
1990s, several urethral bulking agents have been introduced 
for this purpose, although some have been removed due to 
a high rate of adverse events, difficulties with injection, or 
expense. The ideal urethral bulking material is biocompat- 
ible, nonimmunological, and hypoallergenic. It should retain 
its bulking characteristics for a prolonged interval and there- 
fore should not biodegrade, nor should it migrate (particle 
size should be greater than 80 um). The material should be 
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easy to prepare and easy to inject. The ideal material is safe, 
readily obtainable, inexpensive, efficacious, and durable and 
induces minimal tissue reaction. The theory on how inject- 
able materials can be used to treat stress incontinence is by 
mucosal coaptation of the bladder neck and proximal ure- 
thra with subsequent increased urethral resistance to out- 
flow of urine. While transmission of pressure to the urethra 
during increased intra-abdominal pressure may not change 
in patients treated with urethral bulking injections, the 
pressure forcing the urine from the bladder through the ure- 
thra is resisted by the bulking of the mucosa in the immedi- 
ate proximal urethra. This essentially prevents involuntary 
bladder neck opening. 


Indications and Contraindications 


The most common indications for urethral bulking agents 
are (1) intrinsic sphincter deficiency with or without ure- 
thral hypermobility, (2) persistent stress urinary inconti- 
nence after a urethral sling or urethropexy, (3) stress urinary 
incontinence in women who cannot undergo surgery due to 
multiple comorbidities (e.g., poor surgical candidate and/or 
cannot discontinue anticoagulation), and (4) stress urinary 
incontinence in women who do not desire a more invasive 
anti-incontinence surgery (e.g., prefer to avoid mesh mate- 
rial, desire future fertility, treat occult stress incontinence 
after successful pessary placement, etc.). Relative contra- 
indications to the use of urethral bulking injections include 
active urinary tract infection, high postvoid residual urine 
(>100 mL), urinary stricture/obstruction, severe detrusor 
overactivity, and fragile urethral mucosa. 

The ideal patient for urethral bulking has both lim- 
ited mobility of the bladder neck and a poorly functioning 
sphincteric mechanism. Retropubic mid-urethral slings work 
poorly in women with a fixed (nonhypermobile) urethra 
and intrinsic sphincter deficiency. Urethral hypermobility is 
diagnosed when the angle of the urethra with the patient 
supine exceeds 30° to 40° from horizontal during strain- 
ing efforts (Valsalva or cough). In classic teaching, intrinsic 
sphincter deficiency is diagnosed when (1) the maximal ure- 
thral closure pressure is less than 20 to 25 cm H3O and/or 
(2) the abdominal (Valsalva) leak point pressure is less than 
60 cm H2O when the bladder is filled to 150 to 250 mL. 
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Certain patients respond better to urethral bulking injec- 
tions. Should the procedure provide no relief after two or 
three injections, it is usually futile to attempt subsequent 
injections. A suburethral sling can be performed before or 
after urethral bulking injections. Theoretically, in a woman 
with a previous urethral bulking injection, there is a risk of 
encountering the bulking material during the dissection for 
a urethral sling. Conversely, in a woman with a previous ure- 
thral sling, there may be difficulty placing the bulking mate- 
rial in the correct space, because the sling may compress the 
urethra and not allow sufficient room for tissue expansion. 
If stress incontinence persists or recurs after a urethral sling 
or other pelvic reconstructive surgery, a urethral bulking 
agent may be used, and often it is very effective. This may 
be done as early as 6 weeks after surgery, except for Macro- 
plastique®, which is not recommended until after 12 weeks. 

Bulking agents generally are not the first-line treatment 
for patients with urethral hypermobility and stress urinary 
incontinence, as the mid-urethral sling is highly efficacious. 
However, there are situations in high-risk patients who are 
poor surgical candidates with pelvic organ prolapse and 
stress incontinence when a pessary has provided excellent 
control of prolapse and has provided temporary stabiliza- 
tion of bladder neck mobility. Urethral bulking may be used 
in this patient to treat occult stress incontinence that was 
unmasked after the prolapse was reduced. In addition, treat- 
ment of stress urinary incontinence in women who have not 
completed childbearing is a difficult situation in which ure- 
thral bulking may be considered as an alternative to physical 
therapy, mid-urethral sling, or expectant management. Last, 
due to the current mesh controversy in the media, some 
women may desire treatment with nonmesh alternatives. 


Evaluation 


Evaluation before therapy consists of a history and physical 
examination to include a postvoid residual urine determi- 
nation and urinalysis and/or urine culture. This is usually 
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complemented by a bladder diary and urodynamic evalu- 
ation to establish the diagnosis of intrinsic sphincter defi- 
ciency. A voiding diary and/or a measured voided volume 
gives an estimate of bladder capacity, assuming the patient 
has been instructed to present with a full bladder. A free- 
flow uroflowmetric examination gives additional informa- 
tion regarding maximum flow rate, in addition to voided 
time and volume. A cystometrogram evaluates for detru- 
sor overactivity, bladder compliance, bladder capacity, and 
abdominal (Valsalva) leak point pressure determination. The 
urethral pressure profile measures the maximum urethral 
closure pressure to aid in the diagnosis of intrinsic sphincter 
deficiency. Another evaluation technique to aid in diagnosis 
of intrinsic sphincter deficiency is direct urethroscopic visu- 
alization of the bladder neck and proximal urethra to evalu- 
ate for urethral coaptation/open bladder neck. 

The procedure needs to be fully explained to the patient, 
including the predicted effectiveness and the possible need 
for repeat injections. Patients should have a basic under- 
standing that all currently marketed bulking procedures 
involve the injection of nonbiodegradable material. Despite 
good initial subjective success by the patient and with coap- 
tation of the proximal urethra noted by the surgeon, the 
improvements may be short-lived as the carrier medium is 
absorbed over time, leaving behind the permanent implant. 
The permanent material volume may be less than the vol- 
ume of the material plus the carrier medium, leading to 
reduced coaptation in the initial few weeks after surgery. 
Thus, setting the expectation that additional bulking proce- 
dures may be required is essential. 


Materials 


All currently available materials are nonbiodegradable and 
nonimmunological, do not require refrigeration, and do not 
require skin testing (Table 22.1). 

Approved by the Food and Drug Administration (FDA) 
in 1993, Contigen® (Bard Inc., Covington, GA) was the 


Table 22.1 Injectable Agents in Use in North America 
Trade Needle Ancillary 
Name Bulking Material Company Approval Carrier Media Syringe Gauge/Type Approaches Components 
Contigen® Bovine dermal Bard, Inc., 1993 (Off Phosphate- 2.5 mL 22- to Transurethral None 
collagen cross- Covington, market buffered 23-gauge, or periure- 
linked with GA in 2011) physiological rigid or flex-  thral 
gluteraldehyde saline ible needle 
Durasphere® Pyrolytic carbon- Coloplast Cor- 1999 Beta glucan 1.0and 18- or 20- Transurethral None 
EXP coated graph- poration, and water 3.0 mL gauge, pen- or periure- 
ite beads Minneapo- gel cil point tip, _thral 
lis, MN rigid needle, 
bent spiral 
tip needle 
Coaptite® Calcium Boston 2005 Sodium car- 1.0 mL 21-gauge, Transurethral None 
hydroxylapatite Scientific boxymethy| sidekick 
Corporation, cellulose, rigid needle 
Natick, MA sterile water, 
and glycerine 
Macroplas-  Polydimethyl- Uroplasty, 2006 Polyvinylpyrrol- 2.5 mL 18- or Transurethral Adminis- 
tique® siloxane Geleen, The idone gel 20-gauge, tration 
macroparticle Nether- rigid needle device/ 
lands, and pressure 
Minneton- gun 


ka, MN 
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primary urethral injectable agent until 1999. It consists 
of glutaraldehyde cross-linking of bovine dermal collagen. 
Unfortunately, the manufacturing of bovine collagen was 
halted in June 2011. Of note, this was the only material 
that was biodegradable and not permanent. Additionally, 
this was the only material that required skin testing, as aller- 
gic reactions occurred in 2% to 5% of women. All currently 
marketed urethral bulking materials used bovine collagen 
as the control material in their representative comparative 
studies. 

Durasphere® (Carbon Medical Technologies Inc., St. 
Paul, MN) was initially approved by the FDA in 1999. It con- 
sisted of pyrolytic carbon to coated zirconium oxide beads 
with a particle size of 212 to 500 um and required injection 
using an 18-gauge needle. The second-generation material, 
Durasphere® EXP (Coloplast Corporation, Minneapolis, 
MN), consists of pyrolytic carbon—coated graphite beads 
suspended in a water-based carrier gel containing 3% beta 
glucan. Beta glucan is a simple polysaccharide that causes 
a subtle inflammatory response. The current preparation 
has a smaller particle size of 90 to 212 um and is injected 
through a smaller (20-gauge) needle. The material is non- 
biodegradable. According to the manufacturer, it should not 
migrate because the particle size is greater than 80 um and 
thus theoretically cannot be engulfed by macrophages. The 
product is versatile and is the only material that is approved 
for periurethral methods, as well as transurethral methods. 
It is available in 1- and 3-mL syringes. Typically, 2 to 4 mL 
is injected at the 4 and 8 o’clock positions. Importantly, for 
women with “fragile urethral mucosa” (possibly from prior 
radiation therapy or prior urethral surgery), Durasphere® 
EXP is the only material that is not contraindicated. 

Coaptite® (Boston Scientific Corporation, Natick, MA) 
was approved by the FDA in 2005. It consists of 75- to 
125-um (average 100-um) calcium hydroxylapatite spheres 
suspended in an aqueous gel of sodium carboxylmethylcel- 
lulose. This synthetic material is a natural constituent of 
bones and teeth and has been used in dental and orthope- 
dic applications for many years. In the urethra, it does not 
encapsulate but allows for ingrowth of native tissues with 
time as the gel carrier dissolves. It has not been shown 
to induce heterotopic bone formation. It is biocompatible, 
nonbiodegradable, and radiopaque; is injected through a 
21-gauge needle; and is available in 1-mL syringes. Typi- 
cally, 2 to 4 mL is injected at the 4 and 8 o’clock posi- 
tions. According to the manufacturer’s instructions for 
use, Coaptite® is contraindicated in patients with a “fragile 
urethral mucosal lining.” 

Macroplastique® (Uroplasty, Geleen, the Nether- 
lands, and Minnetonka, MN) has been approved for use in 
Europe since 1991 and was approved by the FDA in 2006 
for use in the United States. It is made from highly tex- 
tured polydimethyl-siloxane macroparticles suspended in 
a bioexcretable carrier hydrogel of polyvinylpyrrolidone. It 
consists of silicone microimplants of 120 to 600 um (aver- 
age 140 um) and is prepared in 2.5-mL syringes injected 
through an 18- or 20-gauge needle. Typically, two syringes 
are required with 2.5 mL delivered to the 6 o’clock position 
and 1.25 mL delivered to each of the 2 and 10 o’clock posi- 
tions, for a total of 5 mL. It requires a special administration 
device for transurethral injection (Fig. 22.1). According to 
the manufacturer’s instructions for use, Macroplastique® is 


contraindicated in patients (1) with “fragile urethral muco- 
sal lining (e.g., post radiation therapy or post surgery to the 
bladder neck)” or (2) within 12 weeks of previous Macro- 
plastique injection or a minimally invasive sling procedure. 

Bulkamid® (Contura International, Soeborg, Denmark, 
and Ethicon, Somerville, NJ) is under clinical investigation 
in the United States. It is a nonresorbable polyacrylamide 
hydrogel made of cross-linked polyacrylamide and water. 
Bulkamid® contains no solid particles (crystals or particu- 
lates), theoretically abolishing the risk of migration. Being 
a gel, it can be injected through the operative channel of a 
regular cystourethroscope using a special 23-gauge needle 
or the Bulkamid® Urethral Bulking System—a specially 
designed lightweight urethroscopic instrument that facili- 
tates injection (Fig. 22.2). In 2012, a prospective study that 
followed 135 women over 2 years showed good mainte- 
nance of the durability of success, with 67% subjective cure 
rate at l year and 64% at 2 years. 

Zuidex™ gel (Q-Med AB, Uppsala, Sweden) is a com- 
bination of dextranomer (cross-linked polysaccharides) 
and hyaluronic acid. Dextranomer has been used in wound 


FIGURE 22.1 Macroplastique® administration device. 


FIGURE 22.2 Bulkamid® urethroscopic system. 
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treatment for many years. Biotechnological (nonanimal) 
stabilized hyaluronic acid is similar to natural hyaluronic 
acid found in the body. The material is prepared in 0.7-mL 
syringes; it is used periurethrally with an implantation device 
(Implacer™) and requires the injection of four syringes 
of material. The Implacer™ allows transurethral injection 
without visualization of the injection site. The material has 
been FDA-approved in the United States since 2001 for 
ureterovesical reflux and is marketed as Deflux™. Zuidex™ 
has been available in Europe for urethral bulking since 2002. 
The FDA approved the use of Zuidex™ for clinical trials in 
the United States in 2003, although the results were not 
superior to those with bovine collagen. Also, granuloma/ 
abscess formation rates as high as 14% to 28% were found 
in case series; thus, it is not FDA approved and has been 
withdrawn from the market. 

Uryx® or Tegress® (Bard Medical, Covington, GA) was 
an ethylene vinyl copolymer dissolved in dimethylsulfoxide. 
On contact with a liquid medium, diffusion of dimethyl- 
sulfoxide would occur, and a permanent solid polymer 
would precipitate. It was discontinued in 2007 due to more 
than 200 adverse events being reported to the FDA, mostly 
related to urethral erosion. 

Permacol™ (Tissue Science Laboratories PLC (TSL), 
Aldershot, Hampshire, UK) is approved for use in Europe 
but is not currently under study protocol in the Unites 
States. It is a sterile injectable suspension of acellular cross- 
linked porcine collagen matrix. It is available in 2.5-mL 
syringes and is injected through a 19-gauge needle. 

Future injectable materials may come from tissue engi- 
neering and autologous cellular therapy, using myoblasts, 
fibroblasts, or stem cells. Another possibility is the use of 
transplanted stem cells that may differentiate and regen- 
erate the urethral sphincter. This was briefly studied in 
the past by the use of autologous ear cartilage and in vitro 
expansion of cells for implant. The technology was not 
advanced because of cost and use of other readily available 
and less-expensive products. 


Techniques 
Transurethral and Periurethral 


The methods of injection to be described relate to use of the 
currently available urethral bulking materials. In most cases, 
the materials are injected transurethrally through disposable 
injection needles, which fit through the operating channel 
of a cystoscope sheath, or through a special channel in an 
operating sheath and bridge set. There are a variety of injec- 
tion sites, including the 4 and 8 o’clock positions (as rec- 
ommended for Coaptite® and Durasphere® EXP), the 2, 6, 
and 10 o'clock positions (as recommended for Macroplas- 
tique®), or the circumferential technique, with injection of 
material at 3, 6, 9, and 12 o’clock positions. The bulking 
materials are intended for injection between the urethral 
submucosa and the superficial urethral muscle and between 
the bladder neck and the mid-urethra. Higher success rates 
have been demonstrated if the bulking material is injected 
circumferentially and at the proximal urethra. 

The transurethral method uses a cystourethroscope with 
a 0- to 30-degree lens with the appropriate sheath (17- to 
21-French with no fenestration). The operating channel 


allows the passage of a beveled disposable injection needle. 
A built-in needle delivery system is found in most prod- 
ucts. The various materials for injection may dictate injec- 
tion systems, such as the pressure gun administration device 
required for the injection of Macroplastique®. 

The procedure typically begins with placement of 2% 
lidocaine gel in the urethra for 5 to 10 minutes. This can be 
performed by applying numbing gel to sequentially larger 
urethral dilators or by using a 5- to 15-mL prefilled coned 
delivery system (UroJet®, International Medication Sys- 
tems, El Monte, CA). Before or after insertion of the cys- 
tourethroscope, prime the disposable injection needle until 
the bulking material is seen at the needle tip. The selected 
injection site is between 0 and 2 cm distal to the bladder 
neck. Once a proper injection site is located, angle the cys- 
tourethroscope so that the injection needle enters the ure- 
thra at a 30- to 45-degree angle, and insert the needle until 
the bevel cannot be seen. Then realign the scope parallel to 
the urethra and advance the needle to the level of the proxi- 
mal urethra. The injection should gradually cause distention 
of the urethral mucosa, and this is observed by appropriate 
angling of the cystourethroscope lens during the injection 
(Fig. 22.3). Should the injection be too superficial, there 
will be blanching or superficial appearance of the injection 
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FIGURE 22.3 Transurethral method of urethral bulking injection. A, 
Bladder neck is open. B, Submucosal placement of material results in 
partial closure of bladder neck. C, Injection is complete and bladder 
neck is closed. 
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material under the urethral mucosa, and the needle must be 
repositioned. Another syringe of bulking agent is attached, 
and the injection at the second site commences. The ure- 
thral mucosa should swell with the injection material, and 
gradually, the urethral mucosa meets in the midline. The 
proximal urethra should appear closed while fluids are run- 
ning. There are different opinions regarding whether the 
needle bevel should turn toward the urethral lumen, or 
away from it, while injecting. The needle may insert more 
easily into the tissue if the bevel is turned away from the 
lumen during insertion, and then it can be rotated according 
to visualized effect. Alternatively, per the manufacturer’s 
guidance, the bevel may be turned toward the lumen to bet- 
ter visualize the material and ensure it is in the proper plane. 

Periurethral injection is a less commonly used technique. 
The sites for injection of local anesthesia are selected at the 
level of Skene’s glands on either side of the urethra. Using a 
25-gauge needle, 1.0 mL of 1% lidocaine solution is injected 
0.5 to 1.0 cm lateral to the urethral meatus. Lidocaine 2% 
gel is also placed in the urethra at the start of the proce- 
dure. The cystourethroscope with a 0- to 30-degree lens is 
inserted to the urethrovesical junction and then withdrawn 
to observe the proximal urethra. A syringe with 1% lidocaine 
solution, with or without a small amount of indigo carmine to 
stain the tissues, may be inserted and guided parallel to the 
urethra, directing the needle bevel medially toward the ure- 
thral lumen. This allows the injection material to be viewed 
more easily as the position of the needle is determined. The 
cystourethroscope is used to observe the advancing needle, 
and the syringe is moved in short strokes to allow the nee- 
dle tip to be seen under the tissue at the proximal urethra 
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until the desired location is found. The syringe is replaced 
with a syringe of bulking agent, and the material is injected 
until the entire syringe has been injected or there has been 
adequate effect noted with urethral bulking. The process is 
repeated on the opposite site; the second side may be more 
difficult due to distortion of the proximal urethra caused by 
the initial injection. Durasphere® EXP comes with an injec- 
tion needle, which is 20-gauge and angled so as to aid in 
accurate submucosal placement (Fig. 22.4). 


Postinjection Management and Follow-up 


Immediately after injection, the patient should have mini- 
mal to no pain. She may have urethral burning and mild 
hematuria with urination, which should last less than 
48 h. Antibiotics are commonly given immediately before 
and/or 1 or 2 days after injection, because the rate of uri- 
nary tract infection is lower if prophylactic antibiotics are 
administered. The patient may experience transient urinary 
retention for 24 to 72 h. If she is not able to void after 
the procedure, then the patient should be instructed in 
self-catheterization. Some providers prefer teaching women 
self-catheterization before the injection. Alternatively, a 
pediatric (8- to 10-French) Foley catheter may be placed, 
but this is less desirable because there is a theoretic risk 
of molding around the catheter leading to persistent stress 
urinary incontinence symptoms. If a pediatric Foley cath- 
eter is placed, the patient should return in 24 to 72 h for 
another voiding assessment. There is no need to continue 
to perform self-catheterization after voiding commences 
and residual urine amounts are less than 100 to 150 mL or 
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FIGURE 22.4 Periurethral method of Durasphere® EXP urethral bulking injection. 
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less than 25 to 50% of voided volumes that are greater than 
100 mL. At follow-up, reassess for symptoms of persistent 
urinary incontinence, voiding dysfunction, overactive blad- 
der symptoms, and urinary tract infection. Repeat injections 
can be scheduled every 6 to 12 weeks as needed for persis- 
tent symptoms of stress incontinence. 


Complications and Safety 


The most common adverse events with urethral bulking 
are mild pain, urinary retention, dysuria, hematuria, uri- 
nary tract infection, and erosion. The main advantage of 
this procedure is that it is the least invasive procedure 
for urinary incontinence and can be used in women who 
are poor surgical candidates or using anticoagulants. We 
typically do not discontinue anticoagulant therapy when 
performing this procedure, although opinions vary among 
authorities. If bleeding occurs, it usually responds to 
direct pressure; however, hematoma formation has been 
reported in this population. The most common compli- 
cation during the injection is pain during the procedure. 
Another complication is extrusion of material from the 
injection site. This can be avoided or decreased by sub- 
mucosal placement of the needle approximately 1 cm into 
the tissue and by holding the needle in place for several 
seconds (up to 30 s) to allow the pressure to dissipate. 
Most materials are injected through a 20-gauge needle or 
smaller; thus, the extent of extrusion of material is sel- 
dom a problem. 

After the injection, the most common adverse events in 
the immediate period are urinary retention and voiding dys- 
function. It is important to assess voiding after the injection 
is complete, and this can be accomplished by comparing 
the amount voided with the amount of fluid infused during 
the procedure, using a bladder scanner, or by performing a 
straight catheterization. Usually, if 200 mL is placed during 
the procedure and the patient is able to void 100 mL or 
greater within the hour after injection, there is little concern 
regarding retention. In the 2001 study by Lightner et al., 
urinary retention resolved in all patients within 7 days of the 
urethral bulking injection. 

Urinary tract infection occurs in 10% to 25% of cases; 
thus, antibiotic treatment should be considered after the 
injection and/or the urine should be checked for infection 
at the initial postoperative visit. Pain with urination occurs 
in some patients but is self-limited, as previously discussed. 
Macroplastique® was associated with a high incidence of 
dysuria lasting up to 48 h. 

The few delayed complications include suburethral 
abscess and urethral prolapse. An abscess may be associated 
with increasing voiding dysfunction with or without pain. 
Cystourethroscopy may be required to be certain there is 
no abscess present, if suspected. Another long-term prob- 
lem is recurrent urinary tract infections requiring prolonged 
prophylactic antibiotics. 

Inherent in the discussion of indications, contraindica- 
tions, and complications is the theme that the currently 
available products used for urethral bulking are safe. The 
most common event is urinary tract infection, which often 
occurs remote from the injection procedure. There appears 
to be little risk of obstructive uropathy. Suburethral abscess 
has been reported, but the incidence is less than 1%. Other 


rare events include tissue necrosis at the injection site, 
urethral prolapse, and urethrovaginal fistula. Migration of 
Durasphere® particles has been reported, but the clinical 
significance is unknown. 


Effectiveness 
Cochrane Review 


There is no standardized manner to evaluate the effec- 
tiveness of urethral bulking injections. Most of the FDA- 
approved trials use voiding diaries, pad tests, and subjective 
data such as Stamey Continence Grading and validated 
questionnaires. Postprocedural urodynamic testing has not 
been proved to be useful in evaluating effectiveness. Defini- 
tions of “cure,” “improvement,” and “failure” vary in the 
literature. Additionally, the optimal volume of urethral 
bulking material injected and number of injections that 
classify “failure” have not been defined. There is limited 
evidence in the literature regarding the optimal injection 
location, though the available data support proximal and/or 
mid-urethral placement. 

In a Cochrane Review from 2003, randomized trials 
suggest, but do not prove, that urethral bulking injections 
result in objective and subjective short-term improve- 
ment of symptomatic stress incontinence in females. 
Historically, many of the study reports on Contigen® 
included patients with severe incontinence (leak point 
pressures less than 65 cm H2O) and minimal urethral 
mobility precluding operative intervention other than 
potentially obstructive slings. A number of these patients 
were significantly improved, and while injection therapy 
may only last 12 months, repeat injections were generally 
reproducible. 

According to the 2012 Cochrane Review, the use of 
Macroplastique®, Coaptite®, and Durasphere® (as well as 
Tegress™ and Zuidex™) resulted in improvements that were 
not shown to be more or less efficacious than Contigen®. 
A comparison of periurethral and transurethral methods of 
injection found similar outcomes but a higher (although not 
statistically significant) rate of early complications in the 
periurethral group. 

Cure or improvement occurs in 70% to 80% of patients, 
with total continence in around 40%. Repeat injections may 
be required at varying intervals to maintain the effect. If 
there is no improvement after two or three injections, then 
success with repeated injections is unlikely; however, the 
maximum number of treatments that define failure has not 
been demonstrated in the literature. Table 22.2 shows the 
results of the recent randomized controlled trials on ure- 
thral bulking injection for stress incontinence. 


Durasphere® 


The effectiveness of Durasphere® was reported at 1, 2, 
and 3 years in a randomized study in which it was com- 
pared with Contigen® (Chrouser et al., 2004). Overall 
effectiveness was similar but diminished over time. The 
Durasphere® group had 63%, 33%, and 21% cure or 
improvement at 1, 2, and 3 years, respectively, compared 
with the Contigen® group, which had 63%, 19%, and 9% 
cure or improvement, respectively. Despite diminished 
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Table 22.2 Results of Studies of FDA-Approved Urethral Bulking Agents 


Investigators Agent Study Design 
Lightner et al. (2001) Durasphere® RCT 
Mayer et al. (2007) Coaptite® RCT 
Ghoniem et al. (2009) Macroplastique® RCT 


Follow-up Volume of 

(months) Injections (mL) Dry/Improved* 
12 4.8 -/80% 
12 4 39%/63% 
12 5 37%/62% 


*All randomized controlled trials used Contigen® as the active control group for comparison. 
İDefined as > 1 improvement on Stamey Continence Grading, which is a 4-level scale of incontinence severity ranging from 0 = continent-dry to 


3 = total incontinence regardless of activity. 


effectiveness over time, one-third of patients in each group 
believed that treatment was a success. 


Macroplastique® 


A systematic review of Macroplastique® by Ghoneim and 
Miller in 2012 demonstrated improvement rates of 73% 
at 6 to 18 months and 64% at longer than 18 months. 
Cure rates were 37% and 36% over the same respective 
follow-up periods. Higher study reinjection rates were 
associated with improved long-term outcomes. Hegde 
et al. (2013) evaluated the efficacy of Macroplastique® 
based on the location of injection, with statistically higher 
success rates noted with proximal location and circumfer- 
ential distribution of material as measured with transvagi- 
nal ultrasound. 


Coaptite® 


A single randomized study by Mayer et al. (2007) that 
compared Coaptite® with Contigen® demonstrated similar 
rates of efficacy and adverse events. At 12 months, 63% of 
Coaptite® patients compared with 57% of collagen patients 
showed improvement in urinary incontinence symptoms. 
Fewer patients in the Coaptite® group required reinjection 
(62% versus 74%, p = 0.03). 


Urethral Bulking Before, After, and 
Compared with Surgery for Stress 
Urinary Incontinence 


Urethral bulking has been studied in various specific patient 
populations, to include use before and after sling procedures 
in addition to comparison trials. A multicenter randomized 
trial comparing collagen injection with surgery (6 needle sus- 
pensions, 19 Burch procedures, and 29 pubovaginal slings) 
demonstrated higher efficacy in the surgery group (72%) 
versus the collagen group (51%), although a higher compli- 
cation rate was demonstrated in the surgery group (Corcos 
et al., 2005). Koski et al. (2011) demonstrated the safety 
and efficacy of sling placement for persistent stress uri- 
nary incontinence after urethral bulking injection (included 
Durasphere®, Coaptite®, and Contigen®). The mean num- 
ber of previous urethral bulking injections was three. Thirty 
pubovaginal slings and 13 synthetic mid-urethral slings were 
placed with an 18.6% complication rate, mostly urinary 
retention and urinary tract infection. Conversely, urethral 
bulking with collagen has been studied after prior urethral 
surgery (mostly bladder neck suspension) for stress incon- 
tinence, with 93% reporting cure or improvement. These 


studies may require reinvestigation with other available 
bulking agents now that collagen is not available. 


Future Considerations 


Durasphere® EXP, Coaptite®, and Macroplastique® are the 
most popular urethral bulking agents in the United States 
now that Contigen® is no longer available. The ideal bulk- 
ing material has not been found, and despite a prolonged 
search, nothing financially feasible as yet appears to be bet- 
ter than the available bulking agents. However, adult stem 
cell injection therapy using autologous muscle-derived stem 
cells for the regenerative repair of an impaired sphincter 
is currently at the forefront of incontinence research. The 
implanted cells fuse with muscle and release trophic factors 
promoting nerve and muscle integration. Small pilot stud- 
ies have suggested restoration of the urethral sphincter over 
several months’ time. 
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Introduction 


Anterior vaginal prolapse occurs commonly and may coex- 
ist with disorders of micturition. Mild anterior vaginal pro- 
lapse often occurs in parous women but usually presents 
few problems. As the prolapse progresses, symptoms may 
develop and worsen, and treatment becomes indicated. The 
anterior vaginal wall is the most common segment of the 
vagina to prolapse and the segment that is most likely to fail 
long-term after surgical correction. This chapter reviews the 
anatomy and pathology of anterior vaginal prolapse, with 
and without stress incontinence, and describes methods of 
surgical repair. 


Anatomy and Pathology 


Anterior vaginal prolapse (cystocele) is defined as patho- 
logic descent of the anterior vaginal wall and overlying 
bladder base. According to the International Continence 
Society (ICS) standardized terminology for prolapse grading 
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(Bump et al., 1996), the term anterior vaginal prolapse is 
preferred over cystocele. This is because information obtained 
during the physical examination does not allow the exact 
identification of structures behind the anterior vaginal wall, 
although it usually is, in fact, the bladder. The ICS grading 
system for prolapse is discussed in detail in Chapter 8. 

The etiology of anterior vaginal prolapse is not completely 
understood, but it is probably multifactorial, with different 
factors implicated in prolapse in individual patients. Normal 
support for the vagina and adjacent pelvic organs is provided 
by the interaction of the pelvic muscles and connective tis- 
sue. The upper vagina rests on the levator plate and is stabi- 
lized by superior and lateral connective tissue attachments. 
The mid vagina is attached to the arcus tendineus fasciae 
pelvis (ATFP; white lines) on each side, and the apical por- 
tion of the anterior vagina is attached to the web of endo- 
pelvic fascia, including pubocervical fascia, and the cardinal 
and uterosacral ligaments. Pathologic loss of lateral and/or 
apical support may occur with damage to or impairment of 
the pelvic muscles, connective tissue attachments, or both. 

Nichols and Randall (1996) described two types of ante- 
rior vaginal prolapse: distension and displacement. Distension 
was thought to result from overstretching and attenuation 
of the anterior vaginal wall, caused by overdistension of the 
vagina associated with vaginal delivery or atrophic changes 
associated with aging and menopause. The distinguishing 
physical feature of this type was described as diminished or 
absent rugal folds of the anterior vaginal epithelium caused 
by thinning or loss of midline vaginal fascia. The other type 
of anterior vaginal prolapse—displacement—was attributed 
to pathologic detachment or elongation of the anterolateral 
vaginal supports to the ATFP. It may occur unilaterally or 
bilaterally and often coexists with some degree of disten- 
sion cystocele, with urethral hypermobility, or with apical 
prolapse. Rugal folds may or may not be preserved. 

Another theory ascribes most cases of anterior vagi- 
nal prolapse to disruption or detachment of the lateral 
connective tissue attachments at the ATFP resulting in a 
paravaginal defect and corresponding to the displacement 
type discussed earlier. This was first described by White in 
1909 and 1912, but disregarded until reported by Richard- 
son in 1976. Richardson et al., (1976) described transverse 
defects, midline defects, and defects involving isolated loss 
of integrity of pubourethral ligaments. Transverse defects 
were said to occur when the “pubocervical” fascia sepa- 
rated from its insertion around the cervix, whereas midline 
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FIGURE 23.1 Three different defects can 
result in anterior vaginal wall prolapse. Lateral 
or paravaginal defects occur when there is a 
separation of the pubocervical fascia from the 
arcus tendineus fasciae pelvis, midline defects 
occur secondary to attenuation of fascia sup- 
porting the bladder base, and transverse 
defects occur when the pubocervical fascia 
separates from the vaginal cuff or uterosac- 
ral ligaments. Reprinted with permission from 
Maher CF, Karram MM. Surgical Management 
of Anterior Vaginal Wall Prolapse. In Karram 
MM, Maher CF, eds. Surgical Management of 
Pelvic Organ Prolapse. Philadelphia, Saunders, 
2013. 


defects represented an anteroposterior separation of the 
fascia between the bladder and vagina. A contemporary con- 
ceptual representation of vaginal and paravaginal defects is 
shown in Figure 23.1. 

There have been few systematic or comprehensive 
descriptions of anterior vaginal prolapse based on physical 
findings and correlated with findings at surgery to provide 
objective evidence for any of these theories of pathologic 
anatomy. In a study of 71 women with anterior vaginal wall 
prolapse and stress incontinence who underwent retropubic 
operations, DeLancey (2002) described paravaginal defects 
in 87% on the left and 89% on the right. The ATFP were 
usually attached to the pubic bone but detached from the 
ischial spine for a variable distance. The pubococcygeal 
muscle was visibly abnormal, with localized or generalized 
atrophy in more than half the women. 

Improvements in pelvic imaging are leading to a greater 
understanding of normal pelvic anatomy and the structural 
and functional abnormalities associated with prolapse. Mag- 
netic resonance imaging (MRI) holds great promise, with its 
excellent ability to differentiate soft tissues and its capacity 
for multiplanar imaging. The pelvic organs, pelvic muscles, 
and connective tissues can be identified easily with MRI. 
Various measurements can be made that may be associated 
with anterior vaginal prolapse or urinary incontinence, such 
as the urethrovesical angle, descent of the bladder base, the 
quality of the levator muscles, and the relationship between 
the vagina and its lateral and apical connective tissue attach- 
ments. Aronson et al. (1995) used an endoluminal surface 
coil placed in the vagina to image pelvic anatomy with MRI, 
and compared four continent nulliparous women with four 
incontinent women with anterior vaginal prolapse. Lateral 
vaginal attachments were identified in all continent women. 
In Figure 23.2, the “posterior pubourethral ligaments” 
(bilateral attachment of the ATFP to the posterior aspect of 
the pubic symphyses) are clearly seen. In the two subjects 
with clinically apparent paravaginal defects, lateral detach- 
ments were evident (Fig. 23.3). More recent studies based 


Paravaginal defects 


Midline defects 


Transverse defects 


on MRI analysis and computer modeling suggest that api- 
cal support abnormalities are at least as important as, if not 
more important than, paravaginal defects; the degree of api- 
cal decent can explain about half of anterior wall descent 
(Summers et al., 2006). Other factors, such as levator 
muscle impairment, levator avulsion, greater anterior wall 
length, and widened levator hiatus also contribute to ante- 
rior vaginal prolapse. 

Anterior vaginal prolapse commonly coexists with urody- 
namic stress incontinence. Some features of pathophysiol- 
ogy may overlap, such as loss of anterior vaginal support with 
bladder-base descent and urethral hypermobility; other fea- 
tures, such as sphincteric dysfunction, may occur indepen- 
dent of vaginal and urethral support. The pathophysiology 
of stress incontinence is covered more fully in Chapter 15. 


Evaluation 
History 


When evaluating women with pelvic organ prolapse or uri- 
nary or fecal incontinence, attention should be paid to all 
aspects of pelvic organ support. The reconstructive sur- 
geon must determine the specific sites of damage for each 
patient, with the ultimate goal of restoring both anatomy 
and function. 

Patients with anterior vaginal prolapse complain of 
symptoms related directly to vaginal protrusion, or asso- 
ciated symptoms such as urinary incontinence or voiding 
difficulty. Symptoms related to prolapse may include the 
sensation of a vaginal mass or bulge, pelvic pressure, low 
back pain, and sexual difficulty. Stress urinary incontinence 
commonly occurs in association with anterior vaginal pro- 
lapse, particularly when it is mild. In contrast, women with 
anterior vaginal prolapse that extends beyond the hymen 
are less likely to complain of stress incontinence and are 
more likely to have obstructed voiding symptoms such as 
urinary hesitancy, intermittent flow, weak or prolonged 
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FIGURE 23.2 Axial T1-weighted image from a continent 38-year-old 
nulliparous woman that shows the connection of the anterior vagi- 
nal wall (v) to the posterior pubic symphysis (p) by the pubourethral 
ligaments (pul). The anterior vaginal wall and endopelvic fascia func- 
tion as a sling, or hammock, for support of the urethra (u). |, levator 
ani musculature; o, obturator internus muscle; r, rectum. Reprinted 
with permission from Aronson MP, Bates SM, Jacoby AF, et al. Periure- 
thral and paravaginal anatomy: an endovaginal magnetic resonance 
imagining study. Am J) Obstet Gynecol 1995;173:1702. 


stream, feeling of incomplete emptying, the need to reduce 
(splint) the prolapse manually to initiate or complete urina- 
tion, and, in rare cases, urinary retention. The mechanism 
for this appears to be mechanical obstruction resulting from 
urethral kinking that occurs with progressively worsening 
anterior vaginal prolapse. 


Physical Examination 


The physical examination should be conducted with the 
patient in the lithotomy position, as for a routine pelvic 
examination. The examination is first performed with the 
patient supine. If physical findings do not correspond to 
symptoms or if the maximum extent of the prolapse can- 
not be confirmed, the woman is reexamined in the standing 
position. 

The genitalia are inspected and, if no displacement is 
apparent, the labia are gently spread to expose the vestibule 
and hymen. The integrity of the perineal body is evaluated, 
and the approximate size of all prolapsed parts is assessed. A 
retractor or Sims speculum can be used to depress the pos- 
terior vagina to aid in visualizing the anterior vagina. After 
the resting examination, the patient is instructed to strain 
down forcefully or to cough vigorously. During this maneu- 
ver, the order of descent of the pelvic organs is noted, as is 
the relationship of the pelvic organs at the peak of straining. 


FIGURE 23.3 Axial T1-weighted image from a 57-year-old woman, 
para 5, with stress urinary incontinence. The paravaginal detach- 
ment (arrow) is seen at the level of the urethrovesical junction. c, 
endovaginal coil; r, rectum; |, levator ani musculature; o, obturator 
internus muscle; p, posterior pubic symphysis; u, urethra; v, ante- 
rior vaginal wall. Reprinted with permission from Aronson MP, Bates 
SM, Jacoby AF et al. Periurethral and paravaginal anatomy: an endo- 
vaginal magnetic resonance imagining study. Am | Obstet Gynecol 
1995;173:1702. 


It may be possible to differentiate lateral defects, identi- 
fied as detachment or effacement of the lateral vaginal sulci, 
from central defects, seen as midline protrusion but with 
preservation of the lateral sulci, by using a curved forceps 
placed in the anterolateral vaginal sulci directed toward the 
ischial spines. Bulging of the anterior vaginal wall in the mid- 
line between the forceps blades implies a midline defect; 
blunting or descent of the vaginal fornices on either side with 
straining suggest lateral paravaginal defects. Studies have 
shown that the physical examination technique to detect 
paravaginal defects is not particularly reliable or accurate. In 
a study by Barber et al. (1999) of 117 women with prolapse, 
the sensitivity of clinical examination to detect paravaginal 
defects was good (92%), yet the specificity was poor (52%) 
and, despite an unexpectedly high prevalence of paravaginal 
defects, the positive predictive value was poor (61%). Less 
than two-thirds of women believed to have a paravaginal 
defect on physical examination were confirmed to have the 
same at surgery. Another study by Whiteside et al. (2004) 
demonstrated poor reproducibility of clinical examination 
in detecting specific anterior vaginal wall defects. Thus, the 
clinical value of determining the location of midline, apical, 
and lateral paravaginal defects remains unknown. 

Anterior vaginal wall descent usually represents bladder 
descent with or without concomitant urethral hypermobil- 
ity. In 1.6% of women with anterior vaginal prolapse, an 
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anterior enterocele mimics a cystocele on physical examina- 
tion (Tulikangas et al., 2004). Other uncommon conditions, 
such as anterior vaginal cysts or myomas, can also mimic 
anterior vaginal prolapse. 


Diagnostic Tests 


After a careful history and physical examination, few diag- 
nostic tests are needed to evaluate patients with anterior 
vaginal prolapse. A urinalysis should be performed to evalu- 
ate for urinary tract infection if the patient complains of any 
lower urinary tract dysfunction. Hydronephrosis occurs in a 
small proportion of women with severe prolapse; however, 
even if identified, it usually does not change management 
in women for whom surgical repair is planned. Therefore, 
routine imaging of the kidneys and ureters is not necessary. 

If urinary incontinence is present, further diagnostic test- 
ing is indicated to determine the cause of the incontinence. 
Urodynamic (simple or complex), endoscopic, or radiologic 
assessments of filling and voiding function are generally 
indicated only when symptoms of incontinence or voiding 
dysfunction are present. Even if no urologic symptoms are 
noted, voiding function should be assessed to evaluate for 
completeness of bladder emptying. This procedure usu- 
ally involves a timed, measured void, followed by urethral 
catheterization or bladder ultrasound to measure postvoid 
residual urine volume. 

In women with severe prolapse, it is important to check 
urethral function after the prolapse is repositioned. Women 
with severe prolapse may be paradoxically continent 
because of urethral kinking; when the prolapse is reduced, 
urethral dysfunction may be unmasked with occurrence of 
incontinence (occult stress incontinence). A pessary, vaginal 
retractor, or vaginal packing can be used to reduce the pro- 
lapse before office bladder filling or electronic urodynamic 
testing. If urinary leaking occurs with coughing or Valsalva 
maneuvers after reduction of the prolapse, the urethral 
sphincter may be incompetent, even if the patient is nor- 
mally continent. This is reported to occur in 17% to 69% 
of women with stage III or IV prolapse. In this situation, 
the surgeon should choose an anti-incontinence procedure 
in conjunction with anterior vaginal prolapse repair. If stress 
incontinence is not present even after reduction of the pro- 
lapse, an anti-incontinence procedure probably is not indi- 
cated, although this is a subject of ongoing research. 


Surgical Repair Techniques 
Anterior Colporrhaphy 


The objective of anterior colporrhaphy is to plicate the lay- 
ers of vaginal muscularis and adventitia overlying the blad- 
der (“pubocervical fascia”) or to plicate and reattach the 
paravaginal tissue in such a way as to reduce the protrusion 
of the bladder and vagina. Modifications of the technique 
depend on how lateral the dissection is carried, where the 
plicating sutures are placed, and whether additional layers 
(natural or synthetic grafts) are placed in the anterior vagina 
for extra support. 

The operative procedure begins with the patient supine, 
with the legs elevated and abducted and the buttocks placed 
just past the edge of the operating table. Antibiotics should be 


given within 60 min of incision to achieve minimal inhibitory 
concentrations in the skin and tissues by the time the incision 
is made. This typically means a first-generation cephalospo- 
rin (cefazolin) or combination regimens (500 mg metronida- 
zole and 400 mg ciprofloxacin) if the patient has an allergy to 
penicillin (ACOG Practice Bulletin #104, 2009). In general, 
all patients undergoing apical prolapse surgery are at moder- 
ate risk for thromboembolic events and require a prevention 
strategy (Clark-Pearson et al., 2012). Low-dose unfrac- 
tionated heparin (5000 units every 12 h) or low-molecular 
weight heparins (e.g., 40 mg enoxaparin or 2500 units 
of dalteparin), an intermittent pneumatic compression 
device, or a combination of these are recommended. Either 
form of heparin should be started 2 h before surgery and the 
compression stockings should be placed on the patient in the 
operating room before incision. These treatment approaches 
should be continued until the patient is ambulatory. 

The abdomen, vagina, and perineum are prepped ster- 
ilely and draped, and a 16-Fr Foley catheter with a 10-mL 
balloon is inserted for easy identification of the blad- 
der neck. A weighted speculum is placed into the vagina. 
Hemostatic solution (such as 0.5% lidocaine with 1:200,000 
epinephrine) or saline may be injected below the epithelium 
along the midline of the anterior vaginal wall to decrease 
bleeding and to aid in dissection. If a vaginal hysterectomy 
has been performed, the incised apex of the anterior vagi- 
nal wall is grasped transversely with two Allis clamps and 
elevated. Otherwise, a transverse or diamond-shaped inci- 
sion is made in the vaginal epithelium near the apex. A third 
Allis clamp is placed about 2 cm below the posterior margin 
of the urethral meatus and pulled up. If a midurethral sling 
is to be done, then the incision is made to the bladder neck 
only. Additional Allis clamps may be placed in the midline 
between the urethra and apex. A scalpel is used to open 
the anterior wall in the midline (Fig. 23.4A). Alternatively, 
the points of a pair of curved Mayo scissors are inserted 
between the vaginal epithelium and the vaginal muscularis, 
or between the layers of the vaginal muscularis, and gen- 
tly forced upward while being kept half open/half closed 
(Fig. 23.4B). Countertraction during this maneuver is impor- 
tant to minimize the likelihood of perforation of the blad- 
der. The vagina is incised in the midline, and the incision is 
continued to the level of the mid urethra (or bladder neck, 
if a sling is being done). As the vagina is incised, the edges 
are grasped with Allis or T-clamps and drawn laterally for 
further mobilization. Dissection of the vaginal flaps is then 
accomplished by turning the clamps back across the forefin- 
ger and incising the vaginal muscularis with a scalpel or Met- 
zenbaum scissors, as shown in Figure 23.4C. An assistant 
maintains constant traction medially on the remaining vagi- 
nal muscularis and underlying vesicovaginal adventitia. This 
procedure is performed bilaterally until the entire extent of 
the anterior vaginal prolapse has been dissected; in general, 
the dissection should be carried farther laterally with more 
advanced prolapse. The spaces lateral to the urethrovesical 
junction are sharply dissected toward the ischiopubic rami. 
It is also important to use sharp dissection to mobilize the 
bladder base from the vaginal apex, if necessary. 

Some surgeons routinely perform a bladder neck plication 
(Kelly-Kennedy plication) at the time of anterior colporrha- 
phy, particularly when a concurrent midurethral sling is not 
planned. Vesical neck plication was used to treat mild stress 
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FIGURE 23.4 Classic anterior colporrhaphy. A, The initial midline anterior vaginal wall incision is demonstrated. B, The midline incision is 
extended using scissors. C, Sharp dissection of the bladder off the vaginal wall should be lateral to the superior pubic ramus, and the base of the 
bladder should be dissected off the vaginal cuff or cervix to the level of the preperitoneal space of the anterior cul-de-sac. D, The bladder has 
been completely mobilized off the vagina. E, The initial plication layer is placed. F, The second plication layer is placed, which commonly requires 
further mobilization of vaginal muscularis off the vaginal epithelium. The most proximal stitch involves plication of the inside of the vaginal wall 
at the level of the vaginal apex or upper portion of the cervix. G, The completed second plication layer and trimming of excess vaginal mucosa 
are demonstrated. H, Closure of vaginal mucosa is demonstrated. Reprinted with permission from Maher CF, Karram MM. Surgical Management 
of Anterior Vaginal Wall Prolapse. In Karram MM, Maher CF, eds. Surgical Management of Pelvic Organ Prolapse. Philadelphia: Saunders; 2013. 
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urinary incontinence in the past, but it is no longer done for 
that indication. It may, however, help to prevent the later 
development of stress incontinence in the patient. After the 
vaginal flaps have been completely developed, the urethro- 
vesical junction can be identified visually or by pulling the 
Foley catheter downward until the bulb obstructs the vesical 
neck. Repair should begin at the urethrovesical junction, using 
No. 2-0 or 0 delayed absorbable sutures. The first plicating 
stitch is placed into the periurethral endopelvic fascia and 
tied (Fig. 23.5A). One or two additional stitches are placed to 
support the length of the urethra and urethrovesical junction. 

In a standard anterior colporrhaphy, stitches using No. 
2-0 or 0 delayed absorbable sutures are placed in the vagi- 
nal tissue (muscularis and adventitia) medial to the vaginal 
flaps and plicated in the midline without excessive tension. 
Depending on the severity of the prolapse, one or two rows 
of plication sutures or a purse-string suture followed by pli- 
cation sutures are placed (Fig. 23.4E-G). Excess vaginal epi- 
thelium is then trimmed from the flaps bilaterally, and the 
remaining anterior vaginal wall is closed with a running No. 
2-0 subcuticular or locking suture (Fig. 23.4H). 


Anti-incontinence operations are often performed at the 
same time as anterior vaginal prolapse repair to treat coex- 
isting stress incontinence; suburethral bladder neck sling 
placement may also improve the cure rate of the prolapse. 
Bladder neck suspension procedures (sling procedures or 
retropubic colposuspension) treat effectively mild ante- 
rior vaginal prolapse associated with urethral hypermobil- 
ity and stress incontinence. More advanced anterior vaginal 
prolapse will not be treated adequately and, in these cases, 
anterior colporrhaphy or anterior vaginal mesh repair should 
be performed, often in conjunction with a colpopexy proce- 
dure and a midurethral sling. Surgical judgment is required 
to perform the bladder plication tightly enough to reduce 
the anterior vaginal prolapse sufficiently, yet preserve some 
mobility of the anterior vagina. If anterior colporrhaphy is 
combined with a sling procedure (midurethral or bladder 
neck), the cystocele should be repaired before the final 
tension is set for the sling. A midurethral sling, such as a 
tension-free vaginal tape or transobturator sling, is best done 
through a separate midurethral incision after the cystocele 
repair is complete. 


FIGURE 23.5 Anterior colporrhaphy with Kelly-Kennedy plication. A, The vaginal mucosa is opened and interrupted sutures are started under 
the urethra. B, The completed colporrhaphy uses midline plication with interrupted sutures. Preferential support is provided to the proximal 
urethra over that provided to the bladder. Reprinted with permission from Maher CF, Karram MM. Surgical Management of Anterior Vaginal Wall 
Prolapse. In Karram MM, Maher CF, eds. Surgical Management of Pelvic Organ Prolapse. Philadelphia: Saunders; 2013. 
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Anterior Prolapse Repair with Grafts 


A prosthetic material can be used to provide support in the 
anterior vagina. This can be done in a number of ways, and 
the surgical techniques continue to evolve. Graft materials 
may include synthetic absorbable grafts (e.g., polyglactin 910 
mesh), synthetic permanent meshes (e.g., polypropylene), 
and biologic materials. Biologic materials that have been 
used include autografts of harvested rectus fascia and fascia 
lata; human allografts including fascia lata and dura mater; 
and xenografts such as porcine dermis, porcine small intes- 
tinal submucosa, and bovine pericardium. In 2010, approxi- 
mately 25% of surgeries for pelvic organ prolapse in the 
United States included transvaginal placement of biologic 
or synthetic mesh. Many surgeons use transvaginal graft 
placement in an attempt increase the efficacy and dura- 
bility of their surgical repair. For anterior prolapse, stud- 
ies have demonstrated improved anatomic outcomes after 
transvaginal placement of permanent synthetic mesh com- 
pared with anterior colporrhaphy without mesh (“native- 
tissue repair”). However, this comes at the expense of an 
increased rate of complications unique to synthetic mesh 
placement, including vaginal mesh exposure or extrusion, 
mesh erosion or perforation into an adjacent organ (blad- 
der, urethra, or rectum), and vaginal mesh contraction with 
associated pain and dyspareunia. Concerns about increased 
adverse events from transvaginal mesh placement led to 
two separate U.S. Food and Drug Administration (FDA) 
notifications. In October 2008, the FDA issued a Pub- 
lic Health Notification (PHN) to inform clinicians and 
patients of adverse events related to urogynecologic use of 
surgical mesh and to provide recommendations on how to 
mitigate risks and counsel patients. In July 2011, the FDA 
provided an updated PHN on urogynecologic surgical mesh 
and reported that the complications of mesh used trans- 
vaginally are not rare. 

When considering the use of transvaginal mesh for ante- 
rior prolapse, surgeons and patients must balance improved 
anatomic support of the anterior vaginal wall against the cost 
of the devices and increased complications such as mesh 
erosion, exposure, or extrusion; pelvic pain; groin pain; and 
dyspareunia. In a joint Committee Opinion published in 
December 2011, the American Urogynecologic Society and 
the American College of Obstetrics and Gynecology rec- 
ommended that pelvic organ prolapse vaginal mesh repair 
should be reserved for high-risk individuals in whom the 
benefit of mesh placement may justify the risk, such as 
individuals with recurrent anterior prolapse or with medi- 
cal comorbidities that preclude more invasive and lengthier 
open and endoscopic procedures. They also noted that sur- 
geons placing vaginal mesh should undergo training specific 
to each device and have experience with reconstructive 
surgical procedures and a thorough understanding of pelvic 
anatomy. 

Before considering treating anterior vaginal prolapse 
with graft or mesh, patients should undergo a thorough 
informed consent process, including discussion of risks, 
benefits, and both surgical and nonsurgical alternative 
treatments. There are several situations when mesh use 
is contraindicated. Many surgeons would not consider the 
use of mesh in a patient who has had a previous mesh 
complication. Mesh augmentations should not be used 
in pregnant women or women who are contemplating 


future pregnancy, because the mesh does not stretch 
significantly. In patients who have had pelvic radiation, 
mesh placement is not recommended because of the risk 
of poor wound healing. Similarly, preexisting local or 
systemic infection is a contraindication for vaginal mesh 
placement, particularly nonabsorbable synthetic mesh. 
Many surgeons would not recommend the use of non- 
absorbable synthetic mesh if colorectal surgery is being 
performed concurrently. Chronic steroid use, smok- 
ing, uncontrolled diabetes mellitus, or other causes of a 
compromised immune system can impair wound healing, 
and many would consider these conditions to be relative 
contraindications to vaginal mesh placement. Pelvic pain 
syndromes such as endometriosis, vulvodynia, interstitial 
cystitis, fibromyalgia, and dyspareunia should be evalu- 
ated preoperatively to allow for comprehensive counsel- 
ing regarding the best surgical and nonsurgical form of 
treatment. 

Currently, there are three general categories of trans- 
vaginal mesh or graft placement options for the manage- 
ment of anterior vaginal prolapse: (1) self-tailored mesh, 
(2) commercially available trocar-guided mesh kits that use 
a transobturator approach, and (3) commercially available 
mesh kits that use a transvaginal fixation method rather 
than a trocar (nontrocar kits). Regardless of the placement 
option used, the general surgical approach to treat anterior 
vaginal wall prolapse is fixation of mesh to the ATFP or the 
coccygeus muscle. The initial incision for anterior vaginal 
mesh placement involves significant hydrodissection and a 
deeper colpotomy incision than is usually performed for a 
traditional native-tissue anterior colporrhaphy so that the 
perivesical space is entered. The mesh is spread laterally 
toward the ATFP proximally and distally and, in many of 
the newer nontrocar kits, attached apically to the sacrospi- 
nous ligament. Despite the lack of evidence that any one 
placement technique is best in managing a patient’s symp- 
toms, most experts would agree on some basic periopera- 
tive tenets: 

e The bladder should be drained with a transurethral 

catheter. 

° A well-estrogenized vaginal wall is preferred before 
surgery. (We use intravaginal estrogen cream daily 
(0.5-1.0 g/day) for 2-3 weeks preoperatively.) A vagi- 
nal pessary should be removed 1 to 2 weeks before 
surgery to limit vaginal epithelium irritation. 

e All patients require perioperative prophylactic antibi- 
otics and efforts to prevent venous thromboembolic 
events, as noted earlier. 

e Avoid making inverted “T-shaped” incisions from 
a concurrent hysterectomy and colporrhaphy,_ if 
possible. 

e Exposure of the correct vesicovaginal space is per- 
formed with hydrodissection of 20 to 80 mL of 0.5% 
lidocaine with 1:200,000 epinephrine, dilute pitressin 
(20 U in 60-100 mL saline) or normal saline. The 
correct space for dissection is found using a “loss-of- 
resistance” technique similar to that used by an anes- 
thesiologist placing an epidural. A wheal or blanching 
illustrates incorrect intraepithelial placement of the 
fluid. Hydrodissection in the correct plane will create 
a fluid bubble in the avascular vesicovaginal and recto- 
vaginal spaces. 


CHAPTER 23 Surgical Treatment of Anterior Vaginal Wall Prolapse 333 


e As opposed to an anterior colporrhaphy, in which the 
vaginal epithelium and muscularis are split for pli- 
cation, mesh should be placed underneath the vagi- 
nal muscularis. It is vital that the surgeon perform a 
full-thickness dissection deep into the vesicovaginal 
and rectovaginal spaces to avoid erosion of the mesh 
postoperatively. Proper hydrodissection, as described 
earlier, facilitates the identification of the proper dis- 
section plane. 

e Itis unknown whether the bladder wall should be pli- 
cated in the midline below the graft. 

e Place the graft loosely because mesh can contract by 
up to 20% after placement, compromising vaginal 
length and caliber. Allow enough room for Mayo scis- 
sors to be placed easily between the mesh and the 
vagina. Also, ensuring that the mesh is placed flat and 
has minimal tension will improve fibroblast growth 
and will minimize complications of pain or erosion. 

° The vaginal epithelium should not be trimmed. Trim- 
ming the vaginal epithelium can lead to discomfort and 
may also contract. The colpotomy incision is closed 
using a nonlocking continuous absorbable suture. 

e Cystourethroscopy with intravenous indigo carmine 
dye should be performed routinely after anterior 
mesh placement to identify potential urethral, blad- 
der, or ureteral injury. 


Self-tailored Mesh Placement 


Self-tailored mesh can be customized by the surgeon to 
match the size and shape of each patient’s individual pelvic 
anatomy. Mesh is cut into a trapezoid multiarm shape for 
compartment augmentation and is fixed to the sacrospinous 
ligaments, obturator fascia, ATFP and/or the distal bladder 
neck (Fig. 23.6). This type of surgery requires a strong set of 
vaginal surgical skills because it involves dissections similar 
to sacrospinous ligament fixation, iliococcygeus suspension, 
uterosacral suspension, and vaginal paravaginal defect repair. 
No studies have compared standard repair techniques using 
self-tailored mesh with other mesh placement techniques. 


Trocar-Based Mesh Kits 


Trocar-guided devices can be used to suspend mesh by pass- 
ing needles through the transobturator and/or ischiorectal 
fossa. Trocar-based mesh kits were the first commercially 
available transvaginal mesh products and included Anterior 
Prolift (Ethicon, Somerville, NJ), Perigee (American Medi- 
cal Systems, Minnetonka, MN), and Avaulta (CR Bard, 
Murray Hill, NJ). Although these three products are no 
longer marketed by their respective companies, other tro- 
car-based kits are still available, including Exair (Coloplast, 
Minneapolis, MN). In general, the technique for placement 
of these products is similar. First, a weighted speculum, 
self-retaining retractor, or Deaver retractors are placed in 
the vagina. Allis clamps are positioned at the urethrovesical 
junction for traction and 1 cm distal to the vaginal apex. The 
bladder can be palpated between the two Allis clamps. As 
opposed to an anterior colporrhaphy, in which the vaginal 
epithelium and muscularis are split for plication, the mesh 
is placed underneath the muscularis to maintain a thick- 
ened vascularized epithelium to minimize mesh exposure or 
erosion. To enter this potential space, the surgeon injects a 
dilute vasopressin solution or 0.5% lidocaine with 1:200,000 


epinephrine underneath the vaginal muscularis to facilitate 
dissection and minimize blood loss. Irrigation may help dur- 
ing the dissection, because the defect is a glistening white 
line. A sagittal colpotomy incision is made between the Allis 
clamps long enough to admit two fingers comfortably. Next, 
countertraction along the entire incision line is achieved 
with either serial Allis clamps or a self-retaining retractor. 
The vaginal epithelium and full-thickness muscularis are 
dissected away from the bladder defect. Sharp and blunt 
dissection of the bladder is then performed while keeping 
the muscularis and epithelium on the vaginal flaps. As this 
dissection plane is advanced superiorly, loose areolar tissue 
is encountered until the ischial spine, ATFP and, depending 
on the kit, the sacrospinous ligaments are exposed. A num- 
ber of different trocar types are available, including helical- 
shaped trocars similar to those for transobturator slings and 
flexible straight trocars. Cutaneous incisions that are 4 to 
7 mm in length are made over the appropriate locations 
for the obturator foramen trocars. When placing multiple 
mesh arms through the transobturator space, the superior 
and inferior puncture sites should be at least 3 cm apart so 
the mesh can lay flat. Two fingers placed into the vagina can 
retract the colon, elevate the bladder, and minimize devi- 
ation of the trocar tip with direct palpation. For anterior 
compartment mesh, the surgeon immediately identifies the 
incoming trocar passing through the ATFP. The prosthesis is 
loosely placed in a “tension-free” manner because, as men- 
tioned earlier, mesh can contract by up to 20% after place- 
ment, creating tension and compromising vaginal length and 
caliber. A finger should be kept inside the vagina whenever 
tensioning the graft. This provides countertraction and 
splints the tissue at the points of fixation. Stay sutures can 
be used to help the mesh lay flat against the vagina. If the 
surgeon conserves the uterus, then permanent sutures can 
be placed into the cervical stroma to stabilize the mesh and 
prevent enterocele. Cystoscopic and rectal examinations 
before, during, and after each portion of the surgery can be 
helpful. When adequate hemostasis is obtained, the vagi- 
nal epithelium is closed with a continuous nonlocking stitch 
of delayed absorbable suture. Placing a lubricated vaginal 
pack may minimize bleeding and keep the mesh flat during 
healing. After desired tensioning, all ends of the mesh arms 
should be trimmed below the surface of the skin, and the 
incisions closed. Concurrent procedures, such as a midure- 
thral sling, should be done through a separate vaginal inci- 
sion at this time. 


Nontrocar Mesh Kits 


The nontrocar or “single-incision” mesh kits have become 
increasingly popular and have largely replaced trocar-based 
kits. The products avoid the potential complications associ- 
ated with blind trocar passage through the transobturator 
space and ischiorectal fossa, and allow mesh fixation via 
direct visualization. In addition, most currently available 
nontrocar kits provide apical fixation to the sacrospinous 
ligaments bilaterally as well as anterior vaginal support. 
The technique for the nontrocar kits begins similarly to 
the technique for trocar-guided kit placement. After the 
vesicovaginal space is dissected, pertinent fixation points 
are identified, including the ischial spines, ATFP, and sacro- 
spinous ligaments. For apical fixation, the surgeon palpates 
the location of interest then identifies the sacrospinous 
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FIGURE 23.6 Cystocele repair with mesh. A, The bladder is dissected bilaterally and off the vaginal apex. B, Midline plication is completed. 
C, After entering the left paravaginal space and exposing the arcus tendineus fasciae pelvis (white line) if desired, the self-styled prosthetic 
mesh is sewn in place. D, The mesh is attached bilaterally and all sutures are tied, supporting the bladder. Reprinted with permission from Maher 
CF, Karram MM. Surgical Management of Anterior Vaginal Wall Prolapse. In Karram MM, Maher CF, eds. Surgical Management of Pelvic Organ 


Prolapse. Philadelphia: Saunders; 2013. 


ligament at least one fingerbreadth medial to the ischial 
spine. The ligament is penetrated using the surgeon’s 
device of choice. The Pinnacle and Uphold kits use the 
Capio Transvaginal Suture Capturing Device (Boston Sci- 
entific, Natick, MA) to suture the mesh arms to the sacro- 
spinous ligaments and ATFP. Alternatively, the Elevate 
system (American Medical Systems) uses self-fixating 
appendage tips delivered by vaginal trocars to the same site 
(Fig. 23.7). The ATFP mesh arms provide lateral fixation. 
An index finger placed into the vagina palpates the ATFP 
from the ischial spine to the posterior pubis. The mesh can 
be passed through the upper third of the ATFP using the 
same fixation methods. With the Uphold device, there are 
no ATFP arms to implant, and a sutured anterior colporrha- 
phy is often performed before mesh placement. The mesh 


arms are adjusted slowly and individually to a loose ten- 
sion, then the mesh is sutured flat. Cystoscopy with intra- 
venous indigo carmine dye is performed to ensure integrity 
of the bladder and ureters. The colpotomy is closed and 
the vagina packed as described earlier. 


Paravaginal Defect Repair 


The aim of paravaginal defect repair for anterior vaginal 
prolapse is to reattach the detached lateral vagina to its 
normal place of attachment at the level of the ATFP. This 
can be accomplished using a vaginal, open, or laparoscopic 
retropubic approach. Retropubic paravaginal defect repair is 
discussed in Chapter 18, along with other retropubic proce- 
dures, such as the Burch colposuspension. 
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FIGURE 23.7 The Elevate System mesh (American Medical Systems, Minnetonka, MN) is anchored bilaterally to the sacrospinous ligament 
and obturator internus muscle near the distal end of the arcus tendineus fascia pelvis (ATFP). Reprinted with permission from Maher CF, Karram 
MM. Surgical Management of Anterior Vaginal Wall Prolapse. In Karram MM, Maher CF, eds. Surgical Management of Pelvic Organ Prolapse. 


Philadelphia: Saunders; 2013. 


The preparation for vaginal paravaginal repair begins sim- 
ilar to an anterior colporrhaphy. Marking sutures are placed 
on the anterior vaginal wall on each side of the urethrovesi- 
cal junction, identified by the location of the Foley balloon 
after gentle traction is placed on the catheter. In patients 
who have had a hysterectomy, marking sutures are also 
placed at the vaginal apex. If a culdoplasty or apical suspen- 
sion procedure is being performed, the stitches are placed 
but not tied until completion of the paravaginal repair and 
closure of the anterior vaginal wall. As for anterior colpor- 
rhaphy, vaginal flaps are developed by incising the vagina in 
the midline and dissecting the vaginal muscularis laterally. 
The dissection is performed bilaterally until a space—the 
paravaginal space—is developed between the vaginal wall 
and obturator internus muscle. Blunt dissection using an 
index finger is used to extend the space anteriorly along 
the ischiopubic rami, medially to the pubic symphysis, and 
laterally toward the ischial spine. If the defect is present 
and dissection is occurring in the appropriate plane, one 
should enter the retropubic space easily, visualizing retro- 
pubic and paravaginal adipose tissue. The ischial spine can 
then be palpated on each side. The ATFP coming off the 
spine can be followed to the back of the symphysis pubis 
(Fig. 23.8A). After dissection is complete, midline plica- 
tion of the bladder adventitia is usually performed, either 


at this point or after placement and tying of the paravaginal 
sutures. 

On the lateral pelvic sidewall, the obturator internus 
muscle and the ATFP are identified by palpation and then 
visualization. Retraction of the bladder and urethra medi- 
ally is best accomplished with a Breisky-Navratil retractor, 
and posterior retraction could be provided with a lighted 
right-angle retractor. Using No. 0 nonabsorbable or delayed 
absorbable sutures, the first stitch is placed around the tissue 
of the white line just anterior to the ischial spine. A Capio 
device (Boston Scientific, Natick, MA) works well to facil- 
itate suture placement. If the white line is detached from 
the pelvic sidewall or clinically not felt to be durable, then 
the attachment should be to the fascia overlying the obtura- 
tor internus muscle. The placement of subsequent sutures is 
aided by placing tension on the first suture. A series of three 
to six stitches is placed and held, working anteriorly along the 
white line from the ischial spine to the level of the urethro- 
vesical junction (Fig. 23.8A). Starting with the most anterior 
stitch, the surgeon picks up the edge of the periurethral tissue 
(vaginal muscularis or pubocervical fascia) at the level of the 
urethrovesical junction, and then tissue from the undersur- 
face of the vaginal flap at the previously marked sites. Sub- 
sequent stitches move posteriorly until the last stitch closest 
to the ischial spine is attached to the vagina nearest the apex, 


FIGURE 23.8 Surgical steps for vaginal paravaginal (3-point) repair. A, Numerous sutures are passed through the white line on the fascia over 
the obturator internus muscle (point 1). B, Each suture is passed through the lateral edge of the detached fascia (point 2). C, Each suture is 
passed through the full thickness of the vaginal wall, excluding the epithelium (point 3). Reprinted with permission from Maher CF, Karram MM. 
Surgical Management of Anterior Vaginal Wall Prolapse. In Karram MM, Maher CF, eds. Surgical Management of Pelvic Organ Prolapse. Philadel- 


phia: Saunders; 2013. 


again using the previously placed marking sutures for guid- 
ance. Stitches in the vaginal wall must be placed carefully 
to allow adequate tissue for subsequent midline vaginal clo- 
sure. After all the stitches are placed on one side, the same 
procedure is carried out on the other side. The stitches are 


then tied in order from the urethra to the apex, alternating 
from one side to the other. This repair is a three-point closure 
involving the vaginal epithelium, vaginal muscularis and endo- 
pelvic fascia (pubocervical fascia), and lateral pelvic sidewall 
at the level of the ATFP (Fig. 23.8B and C). There must be 
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tissue-to-tissue approximation between these structures. 
Suture bridges must be avoided by careful planning of suture 
placement. Vaginal tissue should not be trimmed until all the 
stitches are tied. The vaginal flaps are trimmed and closed 
with a running subcuticular or interlocking delayed absorb- 
able suture. 


Cystoscopy 


Cystoscopy with intravenous injection of indigo carmine is 
usually performed after cystocele repair, especially if slings 
or apical suspension procedures are also being performed. 
The twofold purpose is to ensure that no sutures or mesh 
have been placed in the bladder and to verify patency of 
both ureters. The rate of ureteral obstruction after simple 
anterior colporrhaphy is only 0.4%, but the rate increases 
with the addition of some types of apical suspension. Intra- 
operative release of the offending sutures almost always 
releases the ureteral obstruction without further sequelae. 


Results 


The main indication for surgical repair of anterior vaginal 
prolapse is to relieve symptoms when they exist, or as part 
of a comprehensive pelvic reconstructive procedure for mul- 
tiple sites of pelvic organ prolapse with or without stress 
urinary incontinence. Few studies have addressed the long- 
term success of surgical treatments for anterior vaginal pro- 
lapse. Although the majority of studies evaluating anterior 
vaginal prolapse repairs are uncontrolled series, an increasing 
number of randomized surgical trials have been conducted in 
recent years. Success rates vary considerably depending on 
the outcome measure used to define success. Historically, 
most studies evaluating the treatment of pelvic organ pro- 
lapse have focused exclusively on anatomic success without 
considering other important areas such as symptoms, vaginal 
compliance, quality of life, or socioeconomic outcomes. For 
an individual patient, the most important outcome of a sur- 
gical procedure is the relief of her symptoms and improve- 
ment in her quality of life, yet until recently these areas have 
largely been ignored. Reported success rates for native-tissue 
anterior colporrhaphy range from 37% to 100%, with most 
cohorts reporting success rates greater than 80%. 

Weber et al. (2001) studied three variations of anterior 
colporrhaphy using a prospective, randomized study design 
and a strict definition of success (Aa and Ba points at -3 or 
-2 cm; Stage 0 or I). Standard anterior colporrhaphy resulted 
in 30% of patients with an optimal or satisfactory anatomic 
result, anterior colporrhaphy with polyglactin 910 mesh 
overlay had a 42% optimal or satisfactory result, and ultra- 
lateral plication under tension had a 46% optimal or satisfac- 
tory result. No difference was seen in anatomic or functional 
outcomes and most patients reported satisfaction with their 
symptom improvement. The low success rates found in the 
trial are used as evidence that anterior colporrhaphy should 
either be augmented by synthetic mesh or another approach 
used (e.g., sacrocolpopexy) for treatment of anterior vaginal 
prolapse. More recently, Chmielewski et al. (2011) reanalyzed 
the data from this trial using more clinically relevant defini- 
tions of success and reported considerably better outcomes, 
with only 10% of subjects developing anatomic recurrence 
beyond the hymen, 5% of subjects developing symptomatic 


recurrence, and less than 1% having another surgery for pro- 
lapse at 23 months of follow-up. In general, it appears that 
native-tissue anterior colporrhaphy commonly results in 
asymptomatic anterior vaginal descent to within 1 cm of the 
hymen (Pelvic Organ Prolapse Quantification [POPQ] Stage 
II); however, prolapse beyond the hymen, development of 
symptomatic prolapse (e.g., vaginal bulging symptoms), and 
reoperation for recurrent prolapse are uncommon events in 
the first 2-3 years after surgery. Long-term results of anterior 
colporrhaphy are largely unknown, although Gotthart et al. 
(2012) reported only 13 reoperations for prolapse (2.9%) 
after 10 years in 456 patients who had vaginal hysterectomy 
and colporrhaphy. The median interval from the first surgery 
to the second was 5.5 years. 

No randomized trials have been performed that evaluate 
the efficacy of paravaginal defect repair for the treatment 
of anterior vaginal prolapse. Single-center uncontrolled case 
series suggest good anatomic results for both open retro- 
pubic (success rate, 75%-97%) and vaginal (success rate, 
67%-100%) approaches. However, the vaginal approach 
appears to be associated with a high risk of hemorrhage, with 
one series reporting a 21% blood transfusion rate (Young 
et al., 2001). Few data are available on the efficacy or safety 
of laparoscopic or robotic paravaginal defect repair. 

Two studies evaluated the use of absorbable polyglactin 
910 mesh to augment anterior colporrhaphy, and reported 
mixed results. The trial by Weber et al. (2001) described 
earlier found no benefit, whereas a randomized trial by Sand 
et al. (2001) found a 75% success rate 1 year after surgery in 
those receiving absorbable mesh compared with a 57% suc- 
cess in those who underwent native-tissue anterior colpor- 
rhaphy. Six trials have compared biologic graft overlay with 
anterior colporrhaphy, and two trials have compared biologic 
graft with permanent synthetic graft (see Table 23.1). Based 
on a meta-analysis of these trials, a Cochrane Review con- 
cluded that overall use of a biologic graft overlay is associated 
with a lower risk of anatomic failure than anterior colporrha- 
phy alone (failure rate: anterior colporrhaphy at 25% versus 
biologic graft at 14%; relative risk (RR) 1.44; 95% confidence 
interval (CI), 1.20-2.63), but no difference in subjective 
cure or improvement in quality of life. It is worth noting that 
only two of the six trials included in the meta-analysis dem- 
onstrated anatomic benefit for biologic grafts over native- 
tissue repair. Compared with anterior colporrhaphy, studies 
of porcine dermis show conflicting findings, with two studies 
showing no benefit and one study showing improved ana- 
tomic outcomes (93% versus 81%). A single study of bovine 
pericardium by Guerette et al. (2009) found no improve- 
ment over anterior colporrhaphy whereas a study of porcine 
small intestinal submucosa (Feldner et al. 2010) showed 
improved anatomic outcomes but also a higher dyspareunia 
rate. Given the different characteristics of many of the bio- 
logic grafts, it seems likely that results will vary depending 
on the specific biologic graft used; however, no head-to-head 
comparisons have been performed. Two clinical trials have 
found inferior anatomic outcomes for porcine dermis when 
compared with polypropylene graft (Table 23.1). 

Six randomized trials compared the efficacy of mesh aug- 
mentation with polypropylene with native-tissue anterior 
colporrhaphy for the treatment of anterior vaginal prolapse 
(Table 23.2). Altman et al. published the largest of these 
studies in 2011. In this multicenter study, 389 women with 
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Table 23-1 


Colporrhaphy 
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Randomized Trials Comparing Biologic Graft-Augmented Anterior Vaginal Repair to Anterior 


Author, Year Graft No. 
Gandhi et al., 2005 Cadaveric fascia 56 
Anterior colporrhaphy 66 
Meschia et al., 2007 Porcine dermis 98 
Cnterior colporrhaphy 103 
Guerette et al., 2009 Anterior colporrhaphy 27 
Bovine pericardium collagen 17 
Natale et al., 2009 Porcine graft 94 
Self-styled polypropylene mesh 96 
Hviid et al., 2010 Anterior colporrhaphy 26 
Porcine dermis graft 28 
Feldner et al., 2010 Anterior colporrhaphy 27 
Porcine small intestinal submucosa 29 
Menefee et al., 2011 Anterior colporrhaphy 19 
Vaginal paravaginal porcine dermis 23 


Vaginal paravaginal polypropylene 25 


POP, pelvic organ prolapse. 


Review Months Success Rate (%) Complications 


12 82 
71 
12 93 Vaginal extrusion, 1% 
81 
Reoperation for POP: 
24 63 37% 
Va 23% 
Mesh erosion: 
24 58 0% 
72 6.3% 
Recurrent POP: 
12 85 8% 
93 10% 
Dyspareunia: 
12 67 15% 
86 25% 
Mesh erosion: 
24 55 0% 
52 4% 
86 14% 


Adapted from Maher C, Baessler K, Barber M et al. Surgery for Pelvic Organ Prolapse. In: Abrams P, Brubaker L, Cardozo C, Wein A, eds. 5th international 


Consultation on Incontinence. Paris: Health Publications, Ltd; 2013. 


Table 23-2 Randomized Trials Of Transvaginal Synthetic Permanent Mesh-Augmented Anterior Vaginal Repair 


to Anterior Colporrhaphy 


Author Graft No. Review Months Success Complications 
Nguyen et al., 2008 Anterior colporrhaphy 38 24 18/38 (47%) Blood loss greater for mesh, 6% 
Perigee 38 32/38 (87%) exposure 
Sivaslioglu et al., 2008 Anterior colporrhaphy 42 12 30/42 (71%) Mesh exposure, 9% 
Self-styled obturator 43 39/43 (91%) 
Carey et al., 2009 Anterior colporrhaphy plus 60 12 40/60 (67%) Mesh exposure, 6.5% 
posterior colporrhaphy 
Self-styled Gynemesh overlay 62 51/62 (82%) 
Nieminen et al., 2010 Anterior colporrhaphy 96 36 57/97 (59%) Mesh exposure, 19%; no 


Self-styled obturator 104 
Altman et al., 2011 Anterior colporrhaphy 182 
Polypropylene Prolift 186 
Vollebregt et al., 2011 Anterior colporrhaphy 58 
Polypropylene Avaulta 56 


SUI, stress urinary incontinence. 


90/104 (86%) difference in symptomatic 
recurrence 

Mesh: Ttoperating time, blood 
loss, cystotomy, de novo SUI, 


dyspareunia, reoperation rate 


12 64/182 (35%) 
113/186 (61%) 


12 24/58 (41%) AC: 5% reoperation rate for 
prolapse; 
51/56 (91%) Mesh: No reoperation for 


prolapse, 4% exposure 


Adapted from Maher C, Baessler K, Barber M et al. Surgery for Pelvic Organ Prolapse. In: Abrams P, Brubaker L, Cardozo C, Wein A, eds. 5th International 


Consultation on Incontinence. Paris: Health Publications, Ltd; 2013. 


Stage II or greater anterior vaginal prolapse were random- 
ized to Anterior Prolift (n = 186) or anterior colporrhaphy 
(n = 182). Of note, prolapse surgery was performed in the 
anterior compartment only; concomitant prolapse surger- 
ies for the other compartments or for incontinence were 
excluded. At 1 year, the success rate, defined as POPQ point 
Ba less than —1 and absence of vaginal bulge symptoms, was 
significantly greater after the mesh repair (61%) compared 
with the colporrhaphy group (35%). The subjective success 
rate was also significantly greater after the mesh repair (75% 
versus 62%, P = 0.008) compared with the native-tissue 
repair, whereas no difference was detected on validated 
pelvic floor questionnaires (Urinary Distress Inventory) 


between the groups. The Prolift mesh procedure was associ- 
ated with greater morbidity, including longer operating time, 
greater blood loss, higher rate of intraoperative cystotomy 
(3.5% versus 0.5%), greater rates of postoperative de novo 
stress urinary incontinence (12.3% versus 6.0%), and higher 
combined reoperation rates for stress incontinence, prolapse, 
and mesh exposure (6% versus 0.5%). De novo dyspareunia 
was seen in 7.3% of patients after the mesh surgery com- 
pared with 2% after anterior colporrhaphy (P = 0.07); how- 
ever, no difference was detected in overall postoperative 
sexual function. Reoperation for mesh exposure occurred in 
3.2% after Anterior Prolift in this trial; the overall rate of 
mesh exposure was not reported (Altman et al., 2011). 
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A 2013 Cochrane Review concluded that use of perma- 
nent synthetic mesh for anterior prolapse repair was associ- 
ated with a decreased anatomic failure rate when compared 
with anterior colporrhaphy alone (14% versus 49%; RR, 3.15; 
95% CI, 2.50-3.96), but no differences were found in the 
reoperation rate for prolapse or for improvement in quality- 
of-life measures. Although the trial by Altman et al. (2011) 
demonstrated improved subjective outcomes with use of 
transvaginal mesh, this was not demonstrated in the other 
trials. However, because of the large size of the Altman study, 
the Cochrane meta-analysis concluded decreased subjective 
failure with transvaginal mesh in the anterior wall (18% ver- 
sus 28%; RR, 1.57; 95% CI, 1.18-2.07). Of note, use of mesh 
in the anterior vaginal wall appeared to predispose to prolapse 
in the apical and posterior segments in these trials compared 
with native-tissue repair. The Cochrane reviewers also found 
that anterior vaginal mesh placement was associated with 
greater operating time, greater blood loss, and a tendency for 
more cystotomies and de novo stress urinary incontinence. 
Also, the overall rate of reoperations, including reoperation 
for recurrent prolapse, de novo stress incontinence, or mesh 
exposure, was almost two times greater after anterior vaginal 
mesh repair than native-tissue repair (10.2% versus 5.8%). 

Vaginal mesh erosions can be a particularly difficult prob- 
lem, and a small but significant number require reoperation 
for mesh removal resulting from chronic discharge, bleeding, 
pain, and other serious complications. The overall rate of mesh 
exposure reported in the literature during the first year after 
transvaginal anterior mesh placement for pelvic organ prolapse 
is 11.4% (Maher et al., 2013). More than half the women 
who experienced erosion or exposure from nonabsorbable 
synthetic mesh after transvaginal placement required surgical 
excision in the operating room, with some women requiring 
multiple operations. Creation of thicker vaginal flaps with an 
attached fibromuscularis, limiting vaginal trimming, and avoid- 
ing inverted “T” colpotomy incisions or concurrent vaginal hys- 
terectomy probably decrease the mesh erosion rate. 

It is worth emphasizing that the great majority of clinical 
trial evidence available for anterior transvaginal mesh place- 
ment studied trocar-based mesh products that are no lon- 
ger commercially available. In recent years, there has been 
a significant shift toward the nontrocar-based mesh kits, 
for which there are currently few data. Moore et al. (2012) 
performed a prospective, multicenter cohort study of 60 
women receiving Anterior Elevate (American Medical Sys- 
tems) for anterior vaginal prolapse. They reported an ana- 
tomic success rate of 92% and a mesh exposure rate of 0%. 
Vu et al. (2012) reported a retrospective analysis of the 
Uphold system for the treatment of anterior/apical prolapse 
that included 115 women, including 53 who underwent a 
hysteropexy, and reported an anatomic recurrence rate of 
5% and a mesh exposure rate of 2.3%. As of the writing 
of this chapter, no clinical trials comparing nontrocar-based 
mesh kits for anterior vaginal prolapse have been published. 

Risk factors for failure of anterior vaginal prolapse repair 
have not been studied specifically separate from studies of 
total prolapse. Vaginal prolapse in general recurs with increas- 
ing age and length of follow-up, but the actual frequency is 
unknown and tends to vary with different definitions of pro- 
lapse. Recurrence of anterior prolapse is more likely to occur 
with more severe initial prolapse and probably with trans- 
vaginal, compared with abdominal, repairs. Recurrence may 


represent a failure to identify and repair all support defects, 
or weakening, stretching, or breaking of patients’ tissues, as 
occurs with advancing age and after menopause. Sacrospinous 
ligament suspension of the vaginal apex, with exaggerated ret- 
rosuspension of the vagina, may predispose patients to recur- 
rence of anterior vaginal prolapse. Other characteristics that 
may increase chances of recurrence are genetic predisposi- 
tion, subsequent pregnancy, heavy lifting, chronic pulmonary 
disease, chronic straining at stool, smoking, and obesity. 


Complications 


Intraoperative complications are uncommon with native- 
tissue anterior vaginal prolapse repair. Excessive blood loss 
may occur, requiring blood transfusion, or a hematoma may 
develop in the anterior vagina; this is probably more com- 
mon after vaginal paravaginal repair than anterior colporrha- 
phy. The lumen of the bladder or urethra may be entered 
in the course of dissection. Accidental cystotomy should be 
repaired in layers at the time of the injury. After repair of 
cystotomy, the bladder is generally drained for 7 to 14 days 
to allow adequate healing. Ureteral damage or obstruction 
occurs rarely (0%-2%), usually with very large cystoceles or 
with apical prolapse. Other rare complications include intra- 
vesical or urethral suture placement (and associated urologic 
problems) and fistulae, either urethrovaginal or vesicovaginal. 

Complications unique to synthetic mesh use in the vagina 
include vaginal mesh exposure or extrusion; mesh erosion 
or perforation into an adjacent organ, including the blad- 
der, urethra, and rectum; and vaginal mesh contraction with 
associated pain and dyspareunia. Complications that can 
occur with any pelvic reconstructive surgery but that can be 
made more severe or complicated by the presence of syn- 
thetic mesh include bleeding, infection, fistulas, pelvic pain, 
sexual dysfunction, and dysfunction of the lower urinary 
and lower gastrointestinal tracts. Although many of these 
complications can be managed nonsurgically, a significant 
proportion require surgical excision of some or all of the 
mesh. The incidence of these complications varies from 3% 
to 39%. A systematic review of 110 studies by Abed et al. 
(2011) found the average rate of graft erosion or exposure 
to be 10.3% with permanent synthetic grafts, and 10.1% 
after biologic grafts. Wound granulation was seen in 7.8%. 
Approximately two-thirds of women with a mesh exposure 
after permanent synthetic mesh placement require some 
surgery to correct the exposure; in some cases, multiple 
procedures are required. For a more detailed discussion of 
incidence and management of mesh or graft complications, 
see Chapters 28 and 30. 

De novo stress incontinence occurs in 15% to 59% of 
women after anterior vaginal prolapse repair. This risk is 
greater in women who demonstrate a positive cough stress 
test with prolapse reduction before surgery than those who 
do not. However, performance of an anti-incontinence pro- 
cedure such as a midurethral sling or Burch colposuspension 
decreases this risk regardless of whether the preoperative 
stress test is positive. 

Voiding difficulty can occur after anterior vaginal pro- 
lapse repair. This problem may occur more often in women 
with subclinical preoperative voiding dysfunction, especially 
if suburethral plication is done. Treatment is bladder drain- 
age or intermittent self-catheterization until spontaneous 


voiding resumes, usually within 6 weeks. Urinary tract 
infections are common (especially with concurrent catheter 
use), but other infections such as pelvic or vaginal abscesses 
are uncommon. 

Sexual function may be affected positively or negatively 
by vaginal operations for anterior vaginal prolapse. Most 
prospective studies demonstrate that sexual function either 
does not change or improves in the majority of women after 
vaginal reconstructive surgery for pelvic organ prolapse; 
however, worsening sexual function is seen in some patients. 
As many as 50% of patients with advanced prolapse report 
dyspareunia before surgery. In general, dyspareunia rates 
decrease after prolapse surgery; however, de novo dyspa- 
reunia can be seen in as many as 18%, especially if a pos- 
terior colporrhaphy is also performed. Vaginal length and 
caliber appear to have little relationship with postoperative 
sexual satisfaction. In a comprehensive study by Kuhn et al. 
(2009) of male and female sexual function after primary 
repair of vaginal prolapse without the use of mesh, female 
patients reported improvement in sexual desire, arousal, 
lubrication, pain, and overall satisfaction, but not orgasm. 
De novo dyspareunia occurred in only 2 of 70 women. Male 
partner function improved as well in domains of interest, 
sexual desire, and overall satisfaction. One prospective 
comparison of patients undergoing vaginal versus nonvaginal 
(open or robotic) prolapse repair, found that sexual function 
improved overall after surgery with no difference between 
groups. Comparisons of sexual outcomes between native- 
tissue and mesh-augmented repairs have had mixed results, 
with some showing worse sexual function after mesh repairs 
and others showing no difference between the groups. The 
Cochrane reviewers found no difference in postoperative de 
novo dyspareunia between native-tissue prolapse repair and 
those augmented with synthetic or biologic grafts. 
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Pelvic floor dysfunction including pelvic organ prolapse and 
urinary or fecal incontinence affects one in four community- 
dwelling women. Our population is aging. Over the next 
40 years, the population of women 65 years and older will 
more than double (from 38.6 million to 88.5 million) and 
the population of women 85 years and older will dramati- 
cally increase (from 5.4 million to 19 million). As women 
age, dysfunction of the pelvic floor becomes progressively 
more common. In fact, one-half of all women over the age 
of 80 years have at least one form of pelvic floor dysfunc- 
tion. The development of pelvic floor dysfunction may 
have a dramatic effect on a woman's quality of life. In fact, 
urinary and fecal incontinence are common indications for 
nursing home placement. 

Annually, approximately 225,000 women in the United 
States undergo prolapse surgery, with direct costs estimated 
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at $1 billion per year. One-third to one-half of all prolapse 
surgeries involve the posterior vaginal wall. Although recto- 
cele repair has been commonly performed for over a cen- 
tury, the long-term functional and anatomic outcomes and 
ideal procedure have not been determined. This chapter 
will review the anatomy, pathophysiology, evaluation tech- 
niques, and surgical management of rectoceles and perineal 


body defects. 
Anatomy and Pathophysiology 


The gynecologist, searching for a means of holding up 

and maintaining sagging structures and organs, has 

placed reliance on a mythical support of his own creation. 
Ricci and Thom (1954) 


The terminology of the anatomic tissue that is pres- 
ent under the vaginal epithelium has been the subject of 
debate for most of the past century. The term fascia was 
introduced by Emmet (1883). The histology of the api- 
cal portion of the posterior vaginal wall consists of mucosa 
(which includes the epithelium of the posterior wall and the 
lamina propria), a superficial and deep muscularis layer, and 
adventitia. This fibromuscularis has been named rectovagi- 
nal fascia and perirectal fascia, perhaps giving the surgeon 
an illusion of more sturdy tissue than is actually present. 
Comparisons of the histology of women with and without 
prolapse have shown that the smooth muscle content of the 
posterior vaginal wall of women with prolapse is disorga- 
nized and significantly reduced in comparison to women 
without prolapse. 

Prolapse of the posterior vaginal wall may be secondary 
to the presence of an enterocele, sigmoidocele, or rectocele, 
or a combination of these entities. A rectocele is an anterior 
protrusion of the rectal wall to the posterior vaginal wall. 
The rectovaginal space exists between the vaginal tube and 
the rectum. This potential space, occupied by areolar tissue, 
allows the vagina and rectum to function independent of 
each other. Support of the posterior vaginal wall is provided 
by a complex interaction of the integrity of the vaginal tube, 
the connective tissue support, and muscular support of the 
pelvic floor. DeLancey (1996) divided the connective tissue 
support of the vagina into three levels. All three levels of 
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FIGURE 24.1 Level Il support of the posterior vaginal wall includes 
attachment to the pelvic sidewall from the arcus tendineus fasciae 
rectovaginalis (ATFR) in the distal half of the vagina, and from the 
arcus tendineus fasciae pelvis (ATFP) proximally, which is attached to 
the ischial spine (IS) near the apex. 


support should be evaluated and addressed during surgical 
management of the posterior vaginal wall. 

At level I, the apical portion of the posterior vaginal 
wall is suspended and supported primarily by the cardinal- 
uterosacral ligaments. This mesentery of support originates 
at the sacrum and the pelvic sidewalls and inserts onto the 
posterior cervix and upper vagina. With normal support, the 
apical posterior wall of the vagina is dorsally directed to lie 
upon the rectum in a horizontal fashion overlying the leva- 
tor ani muscles. With increases in abdominal pressure, the 
vaginal tube is closed top to bottom and supported by the 
pelvic floor muscles. 

Level II includes the support for the middle half of the 
vagina. This support is provided by the endopelvic fascia 
attaching the lateral posterior vaginal wall to the aponeu- 
rosis of the levator ani on the pelvic sidewall. Most of the 
fibers of the endopelvic fascia connect the lateral edge of 
the vaginal tube to the pelvic sidewall. Very few of the 
fibers actually run like a sheet from sidewall to sidewall. 
The sidewall attachment of the apical half of the posterior 
vaginal wall is convergent with the anterior vaginal wall at 
the arcus tendineus fasciae pelvis, giving the vagina a flat 
profile. The distal sidewall attachment of the posterior vagi- 
nal wall, the arcus tendineus fasciae rectovaginalis, deviates 
dorsally from the anterior vaginal wall, giving the vagina an 
H appearance at the introitus (Fig. 24.1). 

The role of the perineal body is to resist caudally directed 
forces by the rectum and to provide a physical barrier 
between the vagina and rectum. The perineal body is thicker 
(approximately 3 cm in length) and more defined in women. 
It includes interlacing muscle fibers of the bulbospongiosus, 
transverse perinei, and external anal sphincter. Larson et al. 
(2010) reconstructed the perineal body into three distinct 
regions (superficial, mid, and deep) with three-dimensional 
analysis of thin-slice magnetic resonance (MR) imaging. 
The superficial region of the perineal body is at the level 
of the vestibular bulb. The bulbospongiosus muscle inserts 


into the lateral margins of the perineal body, while caudally, 
the transverse perineus muscle and external anal sphinc- 
ter comprise the bulk of the superficial component. The 
perineal body extends cranially in the posterior wall of the 
vagina to approximately 2 to 3 cm proximal to the hymenal 
ring. The puborectalis loops around the rectum and lateral 
vagina but does not send fibers to the perineal body. Later- 
ally, the perineal body is attached to the ischiopubic rami 
through the transverse perineus muscles and the perineal 
membrane. The perineal membrane spans the anterior half 
of the pelvic outlet and is comprised of dense fibromuscu- 
laris. This dense, fused level of support represents level II. 
Interruption in the support of the perineal body allows the 
posterior vaginal wall, perineal body, and the distal portion 
of the anterior rectal wall to descend with increased rectal 
pressure (allowing for perineal body hypermobility). 

The pelvic floor muscles, of which the levator ani mus- 
cles are a major contributor, provide substantial support of 
the pelvic organs. In a woman with an intact pelvic floor, 
the puborectalis (and remaining levator ani muscles) are in 
a chronic state of contraction. This contraction closes the 
vaginal canal and the anterior and posterior vaginal walls are 
in direct apposition. With defecation, the increased pres- 
sure placed on the posterior vaginal wall is equilibrated by 
the opposing anterior vaginal wall, and there is minimal stress 
placed on the endopelvic fascial attachments (Fig. 24.2A). 
The puborectalis also provides a sling of support for the 
vaginal tube. This sling leads to an angulation of the mid- 
posterior wall of approximately 45° from vertical. The proxi- 
mal portion of the vagina lies upon (and is supported by) the 
pubococcygeus and iliococcygeus muscles. The puborectalis 
helps to close the potential space of the vagina and close the 
levator hiatus. With a healthy pelvic floor, there is little stress 
and strain placed on the connective tissue support system. 

The levator hiatus has been shown to be larger in women 
with prolapse than in women with normal support. If there 
is muscular and/or neurologic damage to the puborectalis, 
the levator hiatus widens and the vaginal canal opens. The 
increased rectal pressure and distension associated with def- 
ecation places strain on the endopelvic fascial attachments 
and the fibromuscularis of the posterior vaginal wall and can 
result in rectocele and perineal descent (Fig. 24.2B and C). 

A description and understanding of normal anatomy 
guides us in identifying areas of loss of support and chal- 
lenges us to return the vagina to its “normal position” during 
prolapse surgery. However, static anatomy does not give us 
insight into the complexities of the pathophysiology of pos- 
terior vaginal wall prolapse. Luo et al. (2012) compared the 
MR images at rest and maximal Valsalva between women 
with predominant rectocele and those without prolapse 
(controls). As the women with posterior vaginal wall pro- 
lapse strained, all 10 experienced descent of the apical two- 
thirds of posterior vaginal wall resulting in a folding “kneeling 
fashion,” obstructing the rectum in the process. A proportion 
(but not all) of the women with a rectocele also had widening 
of the genital hiatus and descent of the distal posterior wall 
and perineal body. Therefore, identifying and repairing apical 
posterior wall support is critical to restoring normal anatomy. 

A dynamic and complex interplay of the bony pelvis and 
connective tissue support with the tonically and actively 
contracted pelvic floor muscles allow the vagina to main- 
tain its anatomic position. Disruption of support leading to 
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FIGURE 24.2 Pathophysiology of rectocele. A, Normal posterior wall support provided by the levator ani muscles holds the vagina closed. 
When abdominal pressure is increased, pressure on the posterior vaginal wall is equilibrated by pressure on the anterior vaginal wall. Stress 
on the connective tissue supports is avoided. Distally, the pressure in the rectum is resisted by the perineal body. ARW, anterior rectal wall; 
PB, perineal body; PVW, posterior vaginal wall. B, When the levator ani no longer holds the vagina closed, the anterior wall pressure no lon- 
ger balances the posterior wall pressure. The pressure in the rectum is not counterbalanced by atmospheric pressure in the open vagina and 
stress is placed on the connective tissue support. As this gives way (or in the presence of a connective tissue defect), a rectocele may develop. 
C, Increased abdominal pressure distally on a damaged perineal body may result in severe rectocele and perineal descent. 


herniation of the vagina and surrounding organs (pelvic organ 
prolapse) can impact urinary, defecatory, and sexual func- 
tion. Prolapse is most likely due to an accumulation of inju- 
ries. Risk factors for the development of prolapse may begin 
at conception and continue to accrue until death. Table 24.1 
shows various risk factors for development of posterior 
vaginal wall prolapse. Lince et al. (2012) performed a meta- 
analysis of the family history of prolapse and concluded 
that there is strong evidence that women with at least one 
family member with pelvic organ prolapse have a signifi- 
cantly higher risk of developing prolapse than those without 
a family history of prolapse. In families with many mem- 
bers affected by pelvic organ prolapse, chromosomal linkage 
analysis has identified an area on the long arm of chromo- 
some 9 (9q21) that is associated with the development of 
prolapse. This area of chromosome 9 houses genes involved 
with the development of connective tissue and muscle in 
the pelvic floor. It is apparent that abnormalities of connec- 
tive tissue development (e.g., Ehlers-Danlos syndrome and 
Marfan's syndrome) are related to early development of pel- 
vic organ prolapse. Women with less pronounced connective 


Table 24.1 Risk Factors for the Development of 
Posterior Vaginal Wall Prolapse 


Inheritable Trauma Promotional 


Chronic disease 
Defecatory dysfunction 
Obesity 

Occupational exposures 
Smoking 


Aging 


Genetic Vaginal delivery 


Pelvic surgery 


tissue disorders often have hyperextensible skin and joints. 
Women with joint hypermobility are more likely to have 
defecatory evacuation disorders and develop a rectocele. 
Given the genetic link to pelvic organ prolapse, it is not 
surprising that Buchsbaum et al. (2006) demonstrated a 
high concordance of prolapse between 101 pairs of nul- 
liparous and parous postmenopausal sisters. While genetics 
predisposed sisters to prolapse development, inciting fac- 
tors were also important. The vast majority (88-100%) of 
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Table 24.2 Medical Factors Impacting Defecatory Function 


Systemic Illness Mechanical Bowel Obstruction Medications (Common Culprits) Psychiatric Conditions 


Diabetes mellitus Hirshsprung disease Aluminum antacids Abuse (psychologic, physical, 


Metabolic disorders 
Thyroid disorders 
Neuromuscular disorders 


Malignancy 

Inflammatory bowel disease 
Rectal intussusception 
Pelvic organ prolapse 


Anticholinergics and sexual) 
Antidepressants Eating disorders 
Anti-inflammatory medications Pelvic pain 


Beta-blockers 


Calcium channel blockers 
Iron sulfate 
Opiates 


cases of discordance between sisters showed more advanced 
prolapse in the parous sister. 

Vaginal delivery, particularly in the occiput-posterior 
position, is associated with an increased risk for posterior 
vaginal wall and perineal body trauma and is one of the 
greatest risk factors for pelvic organ prolapse development. 
Magnetic resonance images in the postpartum period show 
changes in intensity within the levator ani muscle. These 
changes likely reflect the recovery process following neuro- 
logic or muscular damage related to childbirth. Additionally, 
aging may impact the levator ani muscles leading to muscle 
atrophy and devascularization. Vaginal delivery, age, and size 
of the genital hiatus (more than 2 cm often associated with 
levator injury) have been associated with the development 
and progression of prolapse in parous women. 

Chronic strain and constipation are often found in 
women with rectocele, perineal descent, and fecal incon- 
tinence. It is suggested that with chronic straining, there 
is a stretch placed on the pudendal nerve and the nerve to 
the levator ani muscle; this stretch is amplified in the set- 
ting of rectocele and perineal body descent. Meshia et al. 
(2002) found that fecal incontinence was more prevalent in 
women with a rectocele that extended beyond the hymen 
(31%) than in women with prolapse inside the hymenal ring 
(19%). Increasing body mass index has been strongly associ- 
ated with incident rectocele but not with prolapse of other 
areas of the vagina (anterior or apical vaginal wall). 

Pelvic surgery can predispose a woman to develop pro- 
lapse. Alterations of the connective tissue support and injury 
to the innervation and vascularization to the pelvic floor 
muscles occur with pelvic surgery. However, the indication 
for the pelvic surgery contributes to the risk of subsequent 
prolapse surgery. In a large case-control study, Dallenbach 
et al. (2007) found the primary risk factor for development 
of prolapse after hysterectomy was the degree of prolapse 
before the hysterectomy. The risk of subsequent prolapse 
repair in a woman with prolapse to the hymen at the time of 
hysterectomy was eight times that of women without pro- 
lapse, regardless of the route of surgery. The performance of 
a hysterectomy outside of the setting of prolapse is a risk for 
prolapse development. Shalom et al. (2012) retrospectively 
evaluated women who presented with primary prolapse. 
When matched for age and parity, women who underwent 
a prior hysterectomy were more likely to present with stage 
2 or greater posterior vaginal wall prolapse as compared to 
women without prior hysterectomy (46.5% versus 25.3%, 
respectively, P = 0.01). Additionally, surgical procedures in 
the pelvis may alter the axis of the vagina, increasing the 


forces placed on the connective tissue supports. Overele- 
vation of the anterior vaginal wall, as with anterior vaginal 
mesh or retropubic urethropexy, alters the distribution of 
force on the vaginal walls and can open the posterior wall to 
the development of an enterocele or rectocele. 


Evaluation 
History 


Many women with a rectocele or a perineal body defect are 
asymptomatic or unaware of the loss of support. However, 
most women electing to undergo surgical management of a 
rectocele report a sense of bulging and/or symptoms relat- 
ing to sexual, defecatory, or urinary function. 

Women with prolapse often describe bulging of the 
vagina and pressure (particularly if the prolapse extends 
beyond the hymen), which worsens by the end of the day 
and improves when she is lying down. Sexual function is 
multifaceted in women. Sexual dysfunction may occur in 
the setting of prolapse through discomfort, loss of sensa- 
tion, alteration in body image, or incontinence. Women with 
a perineal body defect, which leads to a widened genital 
hiatus, may describe loss of sensation for her and her part- 
ner during intercourse. If stool is trapped in the rectocele, 
intercourse may lead to fecal incontinence or instill the fear 
of fecal incontinence, leading to the avoidance of sex. 

Defecatory dysfunction is common in women with a 
symptomatic rectocele. Sung et al. (2012) described in a 
prospective evaluation of 160 women undergoing rectocele 
repair that preoperatively, 87% had bowel symptoms. The 
most common symptom was incomplete evacuation (85%), 
followed by straining (74%), sensation of obstructed def- 
ecation (66%), anal incontinence (63%), and manual splint- 
ing (56%). Defecatory function is common in women with 
and without posterior wall prolapse and may be resolved by 
increasing fiber and water in a woman's diet. It also may be 
impacted by a multitude of medical factors (see Table 24.2). 
Infrequent defecation is not likely related to a rectocele and 
may require additional evaluation. Women with a large rec- 
tocele may trap stool within this rectal pocket leading to 
feeling of incomplete emptying, which can result in soiling. 
Splinting, or placing manual pressure in the vagina, rectum, 
or on the perineum to reduce the prolapse and facilitate 
emptying of the rectum, is commonly described. 

Anal incontinence is commonly seen in patients with 
posterior wall and perineal body defects. Many women are 
reluctant to initiate the conversation about anal incontinence 
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due to embarrassment, so it is crucial to ask about acciden- 
tal loss of solid or liquid stool. 

An important part of the history to obtain from your 
patient is an understanding of what her management desires 
are. If the patient requires and is willing to undergo surgical 
management, having her verbally express her expectations 
of surgery can be illuminating. 


Physical Examination 


The patient is typically examined in the dorsal lithotomy or 
semirecumbent position. There is excellent correlation in 
the evaluation of prolapse between the supine and standing 
positions in women performing maximal Valsalva maneuver. 
If the prolapse observed in the lithotomy position does not 
recreate the degree of prolapse that the patient described, 
a standing examination should be performed. However, it is 
physically more difficult to perform measurements of the 
prolapse in this position. 

To stage the severity of prolapse, the posterior vagi- 
nal wall is visualized with the posterior blade of a bivalve 
speculum or a Sim's speculum. The retractor elevates the 
anterior wall and reduces any uterine or apical prolapse. 
The patient is asked to increase abdominal pressure with 
a Valsalva maneuver or cough. The Pelvic Organ Prolapse 
Quantification (POPQ) system is a standardized, validated 
tool for measuring and staging pelvic organ prolapse and is 
described in detail in Chapter 8. Measurements of the pos- 
terior vaginal wall are documented at maximal strain, 3 cm 
proximal to the hymen (Ap), at the most dependent portion 
of the posterior vaginal wall proximal to this mark (Bp), and 
at the vaginal cuff (C) or cul-de-sac, if the uterus is present 
(D). The genital hiatus (gh) and perineal body (pb) are mea- 
sured with the patient straining. Evaluation for and staging 
of concurrent anterior wall and apical prolapse should be 
performed. 

A rectovaginal examination can facilitate evaluation of 
the support and descent of the perineal body as well as eval- 
uate the protrusion of the anterior rectum into the posterior 
vaginal wall. Palpation of loops of small bowel or sigmoid 
colon in the rectovaginal space confirms an enterocele or 
sigmoidocele, respectively. Performing a rectovaginal exami- 
nation in the standing position may increase the detection 
of an enterocele by allowing the bowel to enter the recto- 
vaginal space. Pressure on the posterior wall of the vagina, 
directed downward toward the rectum, may facilitate iden- 
tification of rectal prolapse or intussusception. If you sus- 
pect rectal prolapse, allowing a woman to Valsalva in privacy 
with a handheld mirror to guide her may allow you to see 
what she is describing. 

The perineal body should be evaluated for length (POPQ 
measurement of pb), strength (including anal sphincter), 
and descent. It may be difficult to measure perineal descent, 
but documentation of its presence or absence can be help- 
ful in planning your surgery. Descent of the perineal body 
occurs with a lack of continuity of the suspensory support 
at the apex (level I) to the perineal body (level II). It may 
occur also due to a mass effect of the rectum or small bowel 
herniating into the perineal body, a perineocele. Perineal 
descent also has been associated with fecal incontinence, 
possibly related to stretch and damage to the innervation to 
the anal sphincter. 


Because anal incontinence commonly occurs with recto- 
cele, assessment of the anal sphincter should be performed. 
This includes evaluation of anal tone, squeeze, and symme- 
try. If a symptomatic woman is found (or suspected) to have 
a disrupted anal sphincter on examination, further testing is 
indicated. 

A focused neurologic examination includes evaluation 
of sensation, motor function, and reflexes of sacral nerves 
2 to 4. The patient is asked to discriminate between sharp 
and dull on the perineum. Pelvic floor muscle strength can 
be assessed by asking the patient to contract and relax the 
pelvic floor muscles around the examiner's fingers. Reflex 
testing includes the bulbocavernosus reflex and anal wink. 


Diagnostic Tests 


A woman with defecatory dysfunction and rectocele may 
benefit from further testing. Defecography provides a two- 
dimensional view of the efficiency of rectal emptying and 
quantification of rectal parameters. Evaluation includes 
rest, squeeze, strain, and evacuation. Contrast in the small 
and large bowel may also reveal the presence of an entero- 
cele, sigmoidocele, or perineocele. Rectocele, enterocele, 
and rectal intussusception can be graded based on anatomic 
evaluation obtained with defecography (see Table 24.3). 
Rectal intussusception, perineal descent, and spastic pel- 
vic floor (pelvic floor dyssynergia) may be apparent during 
strain. The dynamic nature of the study allows for insight 
into the defecation process. Retention of more than 10% 
of the barium following defecation is referred to as barium 
trapping. It should be recognized that this examination is 
done in an artificial environment, which may make the 
patient more prone to incomplete emptying. 

Defecation is effected through the coordination of relax- 
ation of the levator ani and external anal sphincter, and 
contraction of the colon. If the puborectalis and/or external 
anal sphincter is paradoxically contracted during defeca- 
tion, defecatory dysfunction with straining and incomplete 
emptying may result. A balloon expulsion test (BET) and 
manometry can indirectly measure the function of the pel- 
vic floor muscles. A woman with a normally functioning 
pelvic floor should easily be able to expel a 60 mL balloon. 
Failure to expel the balloon suggests a functional abnormal- 
ity. Physical therapy with biofeedback can promote coordi- 
nated defecation. Resolution of paroxysmal contraction of 
the pelvic floor muscles is imperative to address the wom- 
an's symptoms and decrease the strain that would be placed 
on the surgically repaired posterior vaginal wall. 

Rectoceles that retain contrast tend to be larger than 
those that do not. However, fluoroscopic evidence of 
barium trapping does not relate to patient symptoms. In 


Table 24.3 Grading of Posterior Wall Prolapse 


by Defecography 


Grade 1 Grade 2 Grade 3 
Rectocele <2 cm 2to4cm >4 cm 
Enterocele Proximal third Middle third of Distal third of 
of vagina vagina vagina 
Intussuscep- Above puborec- At puborectalis In anal canal 
tion talis 
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the symptomatic, elderly population, Savoye-Collet et al. 
(2003) found no association between the abnormalities 
demonstrated by defecography and symptoms. Defecogra- 
phy performed following surgical management of posterior 
wall prolapse generally has shown a reduction in the size 
of the rectocele and improvement in emptying. The limi- 
tations of defecography include the requirement of special 
equipment, radiation exposure of the patient, inability to 
show the rectum and adjacent soft tissue structures simul- 
taneously, and that it is uncomfortable and poorly accepted 
by patients. 

Dynamic MR imaging provides high quality images of the 
pelvic soft tissues and viscera. It is noninvasive and does not 
required ionizing radiation or significant patient preparation. 
However, there is poor correlation between MR grading of 
prolapse and clinical staging. Due to limited availability of 
open MR imaging facilities, most facilities perform dynamic 
MR imaging in the dorsal supine position with a woman's 
legs together. Images are obtained resting and while per- 
forming a Valsalva maneuver and with evacuation. How- 
ever, during a Valsalva maneuver in this position, the true 
extent of the prolapse may not be exhibited and may not 
simulate that woman's ability to defecate. The limitations 
of this method of imaging include a lack of standardization 
of grading of prolapse, high cost, and limited availability of 
open MR imaging. 

Translabial, perineal, and three-dimensional endoanal 
ultrasound have been used to evaluate the pelvic organs at 
rest and with contraction and Valsalva. Ultrasound com- 
pares favorably to defecography in identification of recto- 
cele, enterocele, paroxysmal contraction of puborectalis, 
and rectal intussusception. An endoanal ultrasound provides 
anatomic detail of the integrity of the external and inter- 
nal anal sphincters. The advantages of a dynamic ultrasound 
evaluation of the pelvic floor are avoidance of ionizing radia- 
tion, decreased expense, real-time visualization of dynamic 
maneuvers, and avoidance of asking a woman to defecate in 
public. 

At this time there is a lack of a standardized method of 
establishing a radiologic diagnosis of a rectocele. Clinical 
examination has good sensitivity for the detection of a rec- 
tocele; therefore, radiologic confirmation of the presence 
or absence of a rectocele is not worthwhile. While defeca- 
tory dysfunction is common in women with prolapse, the 
extent of the prolapse does not necessarily correlate with 
the extent of bowel symptoms. If the woman's primary 
complaint is defecatory dysfunction or fecal incontinence 
rather than a bulge, surgical correction of a rectocele or peri- 
neal body defect may not correct her symptoms. Sung et al. 
(2012) evaluated bowel symptoms before and 12 months 
after rectocele repair and found that while defecatory dys- 
function improved in all categories (incomplete evacuation, 
straining, sensation of obstructed defecation, anal incon- 
tinence, and manual splinting), nearly one-half of women 
continued to have some defecatory complaint after surgery. 

Thus, ancillary testing is pursued based on the woman's 
complaints. Validated functional and quality of life ques- 
tionnaires are available, and may be performed preopera- 
tively and postoperatively to provide a standardized method 
of evaluating the surgical outcomes. The patient's preopera- 
tive symptoms and surgical goals will guide the provider in 
selecting additional testing. A woman who describes life-long 


infrequent bowel movements (less than one per week) and 
an absence of a daily urge to defecate is unlikely to be cured 
of her constipation with a rectocele repair. A colon transit 
study may be helpful in identifying patients with slow-tran- 
sit constipation. Dietary modifications including fiber and 
laxatives should be encouraged in any woman whose main 
complaint is constipation. 

Urodynamic testing with prolapse reduction may be 
useful in women with stage III or stage IV posterior wall 
prolapse. With retraction of the posterior wall prolapse 
(simulating correction of the prolapse), women may 
“develop” stress incontinence or have an increase in leak 
volumes. If occult stress urinary incontinence or intrinsic 
sphincter deficiency is uncovered, then this observation 
should be factored into preoperative surgical recommenda- 
tions and surgical planning. 


Surgical Repair Techniques 


The decision to undergo surgical correction of posterior wall 
prolapse is influenced by personal, cultural, and physician 
factors. The surgical experiences of a woman's social net- 
work and her personal caregiving responsibilities also impact 
her decision. Typically, severity of prolapse, medical comor- 
bidities, and socioeconomic status impact the physician and 
patient's treatment plan. Older age often precludes consid- 
eration of a surgical approach in the minds of women, family 
members, and physicians. However, the surgical outcomes 
and complications are very similar to those found in younger 
women undergoing prolapse surgery. Over the next 40 years 
the elderly population will expand significantly. Age should 
not be the sole factor in determining surgical eligibility. 

Current repair techniques address connective tissue 
defects. The dysfunctional levator ani, which widens the 
levator hiatus, increases the stress and strain on the con- 
nective tissue. This is likely a key contributor to the devel- 
opment of pelvic organ prolapse. Currently, pelvic floor 
muscle exercises (with or without biofeedback) are our 
primary method of strengthening the remaining innervated 
pelvic floor muscles but does not address denervated or 
damaged muscle. 

The goals of rectocele repair are to provide anatomic 
correction, relieve prolapse symptoms, and restore normal 
bowel and sexual function without creating new symptoms. 
Understanding the patient's goals of surgical correction and 
providing realistic expectations of outcomes is an essen- 
tial component of preoperative management and counsel- 
ing. Evaluation of prolapsed posterior vaginal wall in the 
operating room should include a careful inspection for an 
enterocele or sigmoidocele, and for associated apical sup- 
port defects. It is difficult to compare various techniques 
for repair of posterior vaginal wall prolapse and anterior 
rectal wall prolapse because the indications for surgery and 
the standardized definitions of bowel function symptoms 
frequently are not reported. The definition of anatomic or 
functional cure also varies from study to study. There are 
few appropriately powered, prospective randomized stud- 
ies comparing surgical procedures to correct posterior wall 
prolapse. 

The gynecologist typically approaches repair of a recto- 
cele through a transvaginal incision. The patient is placed 
in the dorsal lithotomy position with her legs in high leg 
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Table 24.4 Efficacy of Posterior Colporrhaphy for Treatment of Rectocele: Anatomic Cure 
and Functional Results 

Patients at 

Follow-up/ Incomplete Incomplete Sexual Sexual 
Primary Author, Initial Mean Follow-up, Anatomic Evacuation Evacuation Dysfunction Dysfunction 
Year Presentation Months Cure, % Pre-op, % Post-op, % Pre-op, % Post-op, % 
Arnold (1990) 22/29 24 Ue 20 NS NS 23 
Francis (1961) 243 >24 94 NS NS S) 50 
Mellgren (1995) 25 14 808 88 0 6 19 
Kahn (1997) 140 44 76 27 38 18 27 
Sand (2001) 70/80 12 907 NS NS NS NS 
Lopez (2002) 25 9 838 68 36 18 23 
Maher (2004) 38 125 87 100 16 3 5 
Abramov (2005) 183 12 96t NS NS 8 17 
Paraiso (2006) 28/37 IS 861 62 45 56 45 


NS, Not stated. 

*Cure defined as “satisfied” on telephone interview. 

tCure defined as Bp < 0 (hymen). 

Cure defined as absence of rectocele on postoperative defecography. 
ICure defined as Bp < -2 cm 1 year postoperatively. 


holders. The colorectal surgeon often performs an endoanal 
repair of the rectocele with the patient in the prone posi- 
tion. Patients are given preoperative prophylactic antibiotics 
and anti-embolic prophylaxis. Mechanical bowel prepara- 
tion is optional. 


Posterior Colporrhaphy 


The posterior colporrhaphy was introduced in the nine- 
teenth century. The goals of this procedure were to narrow 
the vaginal tube and genital hiatus and to create a shelf of 
support. The posterior colpoperineorrhaphy was thought to 
be the key component of all prolapse surgery (including cor- 
rection of anterior wall and uterine prolapse). It remains a 
commonly performed surgical procedure for posterior wall 
prolapse. 

The traditional posterior colporrhaphy has an anatomic 
cure rate of 76% to 96% (see Table 24.4). The posterior 
colporrhaphy is a plication of the vaginal wall in the mid- 
line, decreasing the width of the posterior vaginal wall and 
increasing the fibromuscularis in the midline. Traditionally, a 
perineorrhaphy is included in this repair, purposely narrow- 
ing the vaginal tube. Estimation of adequate vaginal caliber 
is not standardized. It will vary depending upon physician 
training and experience, the patient's current and future 
desire for sexual activity, and partner factors (e.g., men with 
erectile dysfunction may have a difficult time penetrating a 
smaller genital hiatus). 

To begin the procedure, subepithelial injection of saline 
or local anesthetic with dilute epinephrine may be done 
to aid dissection. A triangular-shaped incision is made 
into the perineal skin with the base of the triangle at the 
hymen (Fig. 24.3A). The skin is dissected away from the 
perineal body. The vaginal epithelium is opened in the mid- 
line extending the incision to the vaginal apex (Fig. 24.3B). 
The posterior vaginal epithelium is dissected bilaterally 
away from the underlying fibromuscularis and extended to 
the pelvic sidewall (Fig. 24.3C). It is important to remain 
in a plane close to the epithelium to avoid injury to the 
rectum. The fibromuscularis of the posterior vaginal wall, 


stripped of its epithelium, is plicated in the midline with 
interrupted vertically or transversely placed lateral sutures. 
Plication begins proximally and progresses toward the 
hymenal ring (Fig. 24.4). Care should be taken during the 
plication to ensure that each plication suture is in continu- 
ity with the previous one. If continuity is not maintained, 
ridging of the posterior vaginal wall may occur and be a 
source of dyspareunia. The vaginal epithelium is trimmed 
if necessary and closed with a running absorbable suture. 
Care should be taken to avoid trimming too much vagi- 
nal epithelium, particularly in women with atrophy. The 
caliber of the vagina at the conclusion of the vaginal recon- 
struction should be approximately three fingerbreadths in 
sexually active women. 

The posterior colporrhaphy can include plication of the 
levator ani muscles. Interrupted sutures are placed in the 
muscular sidewall of the posterior wall and brought to the 
midline. This provides a sturdy posterior shelf, but may fur- 
ther constrict the vaginal caliber and be a source of post- 
operative pain and/or dyspareunia. However, this may be 
considered for elderly women with a wide levator hiatus 
who do not expect to be sexually active. 


Site-Specific Defect Repair 


The site-specific defect repair relies upon the theory 
advocated by A. Cullen Richardson, that herniation of the 
rectum into the vagina is the result of identifiable defects 
in the fibromuscularis (rectovaginal fascia). Defects may 
occur as an isolated defect in the lateral, distal, midline, 
or superior portions of the posterior vaginal wall or as a 
combination of defects (Fig. 24.5). The anatomic cure rate 
of the site-specific posterior repair is 69% to 100% (see 
Table 24.5). Most studies report no change or a decrease 
in dyspareunia in the series involving defect-specific recto- 
cele repairs. 

The vaginal epithelium is opened with a transverse inci- 
sion at the posterior fourchette (Fig. 24.6A). The posterior 
vaginal epithelium is incised in the midline to a level proxi- 
mal to the bulge and dissected away from the underlying 
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FIGURE 24.3 Surgical repair of rectocele. A, A triangular incision is made in the epithelium of the overlying posterior fourchette and perineal 
body. B, The vaginal epithelium is opened in the midline. C, Dissection of the posterior vaginal wall is completed bilaterally exposing the 
fibromuscularis from sidewall to sidewall. 
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FIGURE 24.4 Posterior colporrhaphy includes midline plication of 
the vaginal fibromuscularis over the rectum. 


FIGURE 24.5 Locations of site-specific defects in the posterior vagi- 
nal wall. Defects in the posterior wall fibromuscularis may be found 
in the lateral sidewalls (L), midline (M), or in a transverse orientation 
(T) at the apex or distally near the perineal body. Combinations of 
defects may be identified. 


Table 24.5 Efficacy of Site-Specific Rectocele Repair for Treatment of Posterior Wall Prolapse: Anatomic Cure 


and Functional Results 


Patients at Incomplete Incomplete Sexual Sexual 
Primary Author, Follow-up/Initial | Mean Follow- Anatomic Evacuation Evacuation Dysfunction Dysfunction 
Year Presentation up, Months Cure, % Pre-op, % Post-op, % Pre-op, % Post-op, % 
Cundiff (1998) 43/69 12 82* Bore 25 s 36 
Kenton (1999) 46/66 12 JIAN 53 21 28 2 
Porter (1999)88 89/125 18 828 61 44 67 46 
Glavind and 65/67 3 1007 40 6 12 6 
Madsen (2000) 

Abramov (2005) 124 122 898 NS NS 8 16 
Paraiso (2006) 27/37 IS 78t 69 51 48 28 
Sardeli (2007) 51 26.7 691 59 45 6 8 


*Recurrence defined as no change in or worsening of preoperative stage of posterior wall prolapse. 


+Cure defined as “patients satisfied and no recurrence found”. 
8Cure defined as Bp < 0 (hymen). 

ICure defined as Bp <—1 cm 1 year postoperatively. 
**Splinting. 

ttCure defined as Bp < -2 cm 1 year postoperatively. 
8$Plication performed in addition to site-specific repair. 


fibromuscularis (Fig. 24-6B). The dissection is extended 
laterally to the endopelvic fascial attachment of the poste- 
rior vaginal wall to the ATFP and arcus tendineus fasciae 
rectovaginalis. The fibromuscularis is carefully inspected 
to identify breaks. Irrigation and a rectal examination may 
accentuate the defects to aid identification (Fig. 24.7). 
Defects are individually isolated and repaired with delayed- 
absorbable or nonabsorbable suture (Fig. 24.8A—G). If a 


distal defect is present, such as a separation of the fibro- 
muscularis from the perineal body, repair with absorbable 
suture (rather than permanent suture) may reduce the 
incidence of postoperative dyspareunia. Repair of perineal 
body defects are also addressed with interrupted sutures. 
A levator plication is not performed. Repeating the rectal 
examination should confirm repair of the rectocele. Plica- 
tion of the reattached fibromuscularis may be performed if 
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FIGURE 24.6 Opening the posterior vaginal epithelium for a site-specific defect repair. A, A transverse incision at the level of the hymen can 
be done if there is not a perineal body defect. B, The epithelium is opened in the midline. The dissection is extended proximal to the defect. 


FIGURE 24.7 A finger is placed in the rectum to elevate the anterior 
rectal wall toward the posterior vaginal wall. Areas of weakness or 
defects in the fibromuscularis can be identified, as shown here on 
the left. 


a rectocele persists. Inspection of apical support is a critical 
part of correcting posterior wall support. Reattaching the 
apical posterior wall to the apex, or performing an additional 
apical support procedure, such as a sacrospinous colpopexy, 
may improve anatomic and functional outcomes. The vagi- 
nal epithelium is closed with a running absorbable suture. 


Graft Augmentation 


Approximately one-third of women undergoing surgery for 
pelvic organ prolapse or urinary incontinence will undergo 
a subsequent procedure for recurrence. Graft augmenta- 
tion procedures attempted to capitalize on the durability 
and efficacy of the abdominal sacrocolpopexy while main- 
taining the advantages of a vaginal approach. Placement of 
transvaginal graft augmentation, particularly in the form of 
a tension-free vaginal mesh kit, was becoming more com- 
mon in the United States until 2011, when the Food and 
Drug Administration (FDA) published an update on serious 
complications associated with transvaginal mesh placement 
for pelvic organ prolapse. The notification stated that com- 
pared to nonmesh repairs, there was no evidence that mesh 
placement added benefit. Additionally, transvaginal mesh 
placement was associated with more risks, including mesh 
erosion and the development of de novo pelvic pain. 

The rectovaginal septum can be reinforced with mesh 
through an abdominal, vaginal, or perineal body incision 
(or combination of these approaches). With biologic graft 
augmentation, the graft may be placed through a vaginal 


FIGURE 24.8 Site-specific rectocele defects: before and after repair. A, Midline defect of the fibromuscularis. B, Left lateral defect of the fibro- 
muscularis. C, Repair of left lateral defect with interrupted sutures. D, Distal transverse defect, separating the fibromuscularis of the posterior 


wall from the perineal body. 


incision as another layer of support upon completion of 
the rectocele repair or serve as a scaffolding for ingrowth 
of a woman's own connective tissue (Fig. 24.9). The graft 
is attached to the pelvic sidewall (levator fascia) bilaterally. 
If the patient is concurrently undergoing an apical suspen- 
sion procedure (with or without mesh), the apical portion 
of the graft can be attached to the apical support sutures. 
Delayed-absorbable or permanent suture is used. The graft 
is trimmed and the distal portion of the graft is attached 
to the perineal body with interrupted, absorbable suture. 
The vaginal epithelium is closed, and a perineorrhaphy is 
performed if needed. 


Continued on following page 


The tension-free vaginal mesh kit procedures require a 
plane of dissection that is deeper than that used for tra- 
ditional native tissue repairs. The rectovaginal space is 
injected with a dilute vasoconstrictive agent or normal 
saline. The plane of dissection is under the vaginal wall 
rather than splitting the thickness of the vaginal wall as in 
a colporrhaphy or site-specific repair. An incision is made 
through the entire vaginal wall, most commonly in the ver- 
tical fashion. Sharp and blunt dissection is performed from 
the perineal body to the ischial spines and sacrospinous lig- 
aments (the apical anchoring points for most tension-free 
mesh kits). Various methods are employed to bilaterally 
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FIGURE 24.8, cont'd E, Proximal transverse defect in the fibromuscularis near the apex. Repair of the proximal transverse defect is done as 
with a distal defect. If a level | vaginal vault suspension procedure is done, the distal portion of the break in the fibromuscularis may be incor- 
porated in the apical repair. F, The distal defect is repaired with interrupted sutures. These sutures should re-establish continuity of the vaginal 
fibromuscularis with the perineal body. G, The epithelium of the posterior vagina and perineum are closed with running absorbable suture. 


suspend the mesh without tension to the sacrospinous liga- 
ments. The mesh is additionally attached with absorbable 
sutures to the vaginal apex or cervix near the internal os 
and to the perineal body. Tacking sutures to the vaginal 
sidewall may be performed in an attempt to prevent the 
mesh from bunching up. During mesh placement, the sur- 
geon must be cognizant that contraction of the mesh (up 
to 20%) may occur. If mesh tension results, complications 
such as vaginal pain, which worsens with movement, focal 
tenderness (particularly over the mesh arms), and dyspa- 
reunia may result. 

Trimming of the vaginal skin is minimal or not performed. 
A rectal examination should be done to rule out a palpable 


rectal injury. A vaginal pack is placed. Pre- and postsurgical 
treatment of the vaginal epithelium with topical estrogen is 
advocated to decrease the incidence of mesh erosion. Cessa- 
tion of pessary use two weeks prior to surgery may decrease 
vaginal inflammation. 


Abdominal Sacral Colpopexy 
(Colpoperineopexy) 


An abdominal, laparoscopic, or robotic approach to recto- 
cele repair can be performed when the rectocele is accom- 
panied by apical prolapse (see also Chapter 21). Suspension 
of the posterior vaginal wall is accomplished through a sacral 
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FIGURE 24.9 Graft-augmented rectocele repair. A graft is trimmed 
and placed over a posterior colporrhaphy or site-specific defect 
repair. 


colpopexy, or sacral colpoperineopexy, in the case that the 
posterior support defect continues to the level of the perineal 
body. Mesh is placed on the posterior vaginal wall, posterior 
to the vaginal tube and bridged to the anterior longitudinal 
ligament of the sacrum. A variety of meshes have been used 
in sacral colpopexy procedures, but most evidence supports 
the use of lightweight large-pore polypropylene. 

To perform the procedure the patient is placed in low leg 
holders with a Foley catheter in the bladder throughout the 
procedure. An end-to-end anastomosis (EEA) sizer may be 
placed in the vagina and one in the rectum to aid in identifica- 
tion of tissue planes. The procedure is accomplished through a 
Pfannenstiel incision into the peritoneal cavity or may be per- 
formed laparoscopically, with or without robotic assistance. 

The surgical steps of the procedure are the same if per- 
formed through an open incision or laparoscopically. The 
right ureter is identified. The peritoneum is opened from 
the sacral promontory to the cul-de-sac lateral to the right 
side of the colon and medial to the right ureter. Sharp and 
blunt dissection is used to expose the anterior longitudinal 
ligament of the sacrum over S1-2. Hydrodissection of the 
presacral space may also be performed by placing a suction- 
irrigator underneath the peritoneum and inserting water 
into the space. The rectovaginal space is identified with 
an EEA sizer in the vagina (elevating the vagina toward the 
anterior abdominal wall) and one in the rectum (deflecting 
the rectum posteriorly). The rectovaginal space is entered 
sharply between the vagina and rectum. This avascular 
space is dissected with sharp and blunt dissection. The dis- 
section proceeds to the perineal body for correction of a 
distal rectocele or significant perineal descent. Cautery is 
used sparingly in this dissection to preserve vascularization 
of the vagina (and potentially decrease the risk of mesh ero- 
sion). Laparoscopically, the posterior mesh (approximately 
3 x 15 cm in length) is introduced into the abdomen 
through a lower quadrant port. The mesh is attached to the 
posterior vaginal wall with a series of three to five pairs of 


nonabsorbable or delayed absorbable sutures. The posterior 
mesh is then laid over the sacrum to determine the length 
of the mesh bridge. The mesh should provide support of 
the posterior vaginal wall without tension. The mesh then is 
attached to the anterior longitudinal ligament with two to 
three nonabsorbable sutures. The excess mesh is trimmed 
and the peritoneum is closed with absorbable suture. 


Endorectal Repair 


Endorectal repair of distal rectoceles was first recom- 
mended by Sullivan et al. (1968). Colorectal surgeons will 
often select a transanal approach to correct a rectocele. An 
endorectal approach allows for simultaneous correction of 
other anorectal pathology such as hemorrhoids and mucosal 
rectal prolapse. Ayabaca et al. (2002) reported that 53% of 
women undergoing a rectocele repair also had rectal mucosa 
prolapse and 41% had hemorrhoids. Repair of a proximal 
(high) rectocele is difficult with the endorectal approach 
because of inadequate exposure. 

This procedure is done in the prone jackknife position 
with the buttocks spread and taped. An anal retractor is 
inserted to expose the anterior rectal wall. A transverse inci- 
sion is made in the rectal mucosa at or proximal to the den- 
tate line. Two vertical incisions are made in parallel. A flap 
is developed including a portion of the muscular wall of the 
rectum to a level proximal to the rectocele (usually approxi- 
mately 7 cm in length). Vertical plication sutures are placed 
with no. 3-0 polyglycolic acid suture. One or two transverse 
sutures are placed to buttress the vertically plicated area. 
Levator ani plication also can be done with the endorec- 
tal approach. The rectal mucosal flap is trimmed, and the 
rectal mucosa is closed with a running no. 5-0 polyglycolic 
acid suture. The use of the circular stapler for closure of the 
rectocele and treatment of the redundant rectal mucosa also 


has been described. 


Perineorrhaphy 


A perineorrhaphy, when indicated, completes the vaginal 
approach to a rectocele repair. Allis clamps are placed on 
the posterior hymen and brought together in the midline. 
Preservation of an appropriate vaginal caliber at the geni- 
tal hiatus is important for comfortable future coital activ- 
ity. A triangular incision is made medial to the Allis clamps, 
extending to the midline of the perineal skin with the base 
of the triangle at the posterior hymen. The bulbospongio- 
sus muscles are plicated in the midline of the perineal body 
with an interrupted absorbable suture. To provide continu- 
ity with the posterior repair (and avoid a step down in sup- 
port to the posterior repair), the bulbospongiosus plication 
suture should incorporate the distal rectocele repair. The 
transverse perinei muscles are plicated (Fig. 24.10). An 
anal sphincteroplasty may be performed as indicated for 
refractory fecal incontinence and an external/internal anal 
sphincter defect. The skin is closed with a running absorb- 
able suture. 

Extensive dissection and repair is required for women 
with an absent perineal body, most commonly as a result 
of difficult vaginal delivery or surgical trauma. A transverse 
semicircular incision is made in the layer separating the pos- 
terior vaginal wall and the anterior rectal wall. Dissection 
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FIGURE 24.10 Perineorrhaphy. Following the completion of the 
repair of the rectocele, the perineal body may need to be recon- 
structed. The bulbospongiosus and the superficial transverse perin- 
eus muscles are plicated in the midline with absorbable sutures. 


is extended laterally and proximally. To facilitate proximal 
dissection in the rectovaginal space without injury to the 
rectal mucosa, the surgeon may insert a finger of the non- 
dominant hand into the rectum. The internal anal sphincter 
is plicated in the midline with no. 3-0 absorbable suture. 
The rectal mucosa is reapproximated, as needed, with a run- 
ning absorbable no. 3-0 suture and extending to the skin 
overlying the external anal sphincter. Dissection of the anus 
is performed to identify the retracted ends of the exter- 
nal anal sphincter. Care should be taken with this step to 
avoid extensive lateral and posterior dissection and injury 
to the inferior hemorrhoidal nerves and vessels. The scarred 
ends of the external anal sphincter are identified and reap- 
proximated in an overlapping fashion with vertical mattress 
sutures with delayed absorbable suture. The scar tissue on 
the two ends of the external anal sphincter are left intact 
and used for suture placement. The transverses perinei and 
bulbospongiosus muscles are plicated in the midline. With 
midline construction of the perineal body, the transverse 
portion of the initial incision becomes vertically oriented. 
The vaginal epithelium is closed with an absorbable suture. 
The skin of the perineal body is closed in an inverted Y 
shape with interrupted absorbable sutures. The patient 
is instructed that superficial wound breakdown on the 
perineum may occur. In most cases, this superficial wound 
breakdown will respond to conservative management rather 
than require aggressive debridement. See Chapter 31 for 
expanded description of anal sphincter repair. 

The use of absorbable sutures in the perineal body and 
distal vagina may decrease the incidence of entrance dyspa- 
reunia, but care should be taken to avoid ridging the introitus 


with a tight plication of the bulbocavernosus muscles and 
hymenal skin. A perineorrhaphy will increase slightly the 
functional length of the posterior vaginal wall. 


Postoperative Instructions 


A vaginal pack and Foley catheter are usually placed after 
the surgery and removed later that day or the following 
morning. The patients are discharged with stool softeners 
for several months and with instructions to avoid heavy lift- 
ing or abdominal straining for 3 months and to avoid con- 
stipation lifelong. Pelvic rest (avoiding the use of tampons, 
douching, or sexual intercourse) is recommended for at 
least 6 weeks. 


Analysis of Outcomes 


The majority of the published literature on surgical out- 
comes includes small case control series with varying defi- 
nitions of cure (Level III evidence). As of 2013, there are 
five randomized control trials (excluding abstract data) 
published on rectocele repair. Three trials compared native 
tissue repair to graft augmentation: Sand et al. (2001) com- 
pared posterior colporrhaphy to posterior colporrhaphy 
augmented with absorbable mesh; Paraiso et al. (2006) 
compared posterior colporrhaphy to site-specific repair to 
site-specific repair augmented with cross-linked porcine 
small intestine submucosa (SIS) graft; Sung et al. (2012) 
compared native tissue repair (posterior colporrhaphy or 
site-specific repair dependent upon surgeon discretion) to 
native tissue repair augmented with non-cross-linked SIS 
graft. Two trials (Nieminen et al., 2004; Farid et al., 2010) 
compared vaginal and transanal repair of rectocele. 

Anatomic cure ranged from 76% to 96% for posterior 
colporrhaphy and from 69% to 100% for site-specific defect 
repair. These data are summarized in Tables 24.4 and 24.5. 
The sensation of a vaginal bulge was generally relieved, as 
was vaginal digitation to assist emptying, but disorders of 
defecation, such as constipation and fecal incontinence, 
were often not significantly improved. Gustilo-Ashby et al. 
(2007) performed an ancillary analysis of the data from 
the Paraiso et al. (2006) randomized trial of three recto- 
cele repair techniques. Regardless of route of repair, most 
women had improvement of defecatory symptoms. Women 
with postoperative stage 0/1 posterior wall support had 
reduced risk of postoperative straining (adj. OR 0.17; 95% 
CI 0.03-0.9) and feeling of incomplete emptying (adj. OR 
0.1; 95% CI 0.01-0.52). New bothersome defecatory com- 
plaints occurred postoperatively in 11/99 (11%) of women 
including incomplete emptying 2/43 (5%), fecal urgency 
3/65 (5%), anal incontinence-solid 2/87 (2%), anal incon- 
tinence-gas 5/49 (10%), straining 1/49 (2%), and pain with 
defecation 2/82 (2%). 

Evaluation of the outcomes of the use of transvaginal 
mesh is difficult. The avenue of approach, the mesh of 
choice (synthetic versus biologic), the anchoring points (and 
kit systems) and type of suture can vary dependent upon 
the surgeon. Maher et al. (2013) performed a Cochrane 
systematic review of the evidence of graft augmentation of 
posterior wall prolapse and found that this augmentation 
did not improve outcomes of rectocele repair. Unique to 
graft placement (versus native tissue repair), mesh erosion 
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has been reported in up to 16.9% of women. Randomized 
trials of synthetic mesh and posterior colporrhaphy are lack- 
ing. Allografts and xenografts have been utilized in rectocele 
repair, however, lack of uniform graft composition, decreas- 
ing tensile strength, and unpredictable tissue incorporation 
limit the success of these repairs. Nevertheless, there may 
be a role of graft augmentation in selected high-risk patients 
or in the setting of clinical trials. 

A Cochrane systematic review of the literature (Maher 
et al. 2013) found three randomized trials comparing vagi- 
nal and endoanal approaches to posterior wall prolapse. The 
transvaginal repair had lower recurrence rates on exami- 
nation and on defecography and fewer recurrent prolapse 
symptoms. The transvaginal approach was associated with 
a higher blood loss and postoperative narcotic use. The 
Cochrane review noted that there are insufficient data on 
the effect of surgery on bowel symptoms and on whether 
one variation of vaginal repair (posterior colporrhaphy ver- 
sus site-specific defect repair versus graft augmentation) is 
superior to others. 

Correction of anatomy is not always equivalent to 
symptomatic cure or patient satisfaction. In general, 
satisfaction seems to be high for relief of symptoms of 
prolapse. However, correction of function is more com- 
plicated because of multiple confounding factors, such 
as coexisting bowel and sexual dysfunction. Randomized, 
prospective trials comparing different procedures, which 
include anatomic and functional preoperative and postop- 
erative data, are underway. 


Complications 


Short-term complications associated with rectocele repair 
include pain, temporary urinary retention, and constipa- 
tion. Hematoma, infection, inclusion cyst formation, fecal 
impaction, and injury to the rectum with the development 
of a rectovaginal or a rectoperineal fistula may occur but are 
uncommon. 

Anal incontinence has been reported to occur in up 
to 19% of women undergoing a rectocele repair. There is 
a significant association between fecal incontinence and 
more than one prior posterior colporrhaphy. A rectocele 
may be associated with altered rectal sensation and/or anal 
sphincter defect related to prolonged straining or trauma. 
Anal sphincter function may be improved if identified pre- 
operatively and corrected at the time of rectocele repair. 
However, anal sphincter function may be damaged by a rec- 
tocele repair, particularly with the dilation associated with 
an endoanal repair. It is important to determine if a woman 
with recurrent posterior wall prolapse has a history of fecal 
incontinence and to consider ancillary testing (endoanal 
ultrasonography with possible EMG testing) to evaluate the 
anal sphincter. 

Rectocele repairs that include biologic or synthetic mesh 
have complications related to the specific mesh material 
that is used. The potential complications that have been 
described with the use of graft material are erosion into the 
surrounding tissue (in this case the vagina and rectum); fis- 
tula; infection; scarring (which may increase the occurrence 
of dyspareunia); allergic reaction to the material used; and 
failure. It is important to have a thorough understanding of 
the mesh material that you may use. 


Risks associated with abdominal sacral colpoperineopexy 
include bleeding from the sacral vessels, mesh infection/ero- 
sion, bowel injury/obstruction, stress urinary incontinence, 
and recurrent prolapse. Nygaard et al. (2013) reported the 
long-term follow-up of women who underwent an abdomi- 
nal sacrocolpopexy while participating in the Colpopexy 
and Urinary Reduction Efforts (CARE) trial. The probabil- 
ity of mesh erosion was 10.5% at 7 years. This rate of ero- 
sion is increased if the mesh (40%) or sutures (16%) are 
introduced vaginally and then secured to the sacrum. The 
risk of mesh erosion will also differ with the type of mesh 
used. Macroporous, lightweight polypropylene mesh is the 
most commonly used synthetic mesh. 

Postoperative sexual dysfunction has been of significant 
concern for a number of decades with the surgical manage- 
ment of women with posterior wall prolapse. Francis and 
Jeffcoate (1961) observed a high rate of sexual dysfunction 
following prolapse surgery. Seventy of 140 (50%) sexually 
active women reported apareunia or dyspareunia after an 
anterior and posterior colporrhaphy and perineorrhaphy. On 
postoperative examination, 43 of the 70 women were found 
to have a significantly narrowed vagina that would only admit 
one finger. It is likely that these surgeons had performed 
tight levator plications as part of their prolapse repairs. 

With attention to preserving vaginal caliber, nearly 
40 years later Weber et al. (2000) evaluated pre- and post- 
operative sexual function and vaginal caliber and length in 
165 women. In this prospective, observational study, the 
performance of a posterior colporrhaphy (especially a poste- 
rior colporrhaphy with Burch colposuspension) was the only 
variable that predicted postoperative dyspareunia. Vaginal 
dimensions in general did not predict dyspareunia, and pain 
was often due to ridging in the posterior vaginal wall. Even 
though dyspareunia increased with prolapse surgery, the sat- 
isfaction with sexual function improved from 82% preop- 
eratively to 89% postoperatively. Jeong et al. (2010) found a 
similar improvement in sexual function in women who had 
undergone a mid-urethral sling with and without a posterior 
colporrhaphy. Interestingly, there was no difference in the 
pain component of sexual function between women who 
had undergone a mid-urethral sling alone or one performed 
with a posterior colporrhaphy. 

Correction of prolapse and concomitant improvement of 
body image may be a dominant factor in postoperative sex- 
ual function, despite postoperative dyspareunia. Azar et al. 
(2008) found that sexual function significantly improved 
following anterior and posterior colporrhaphy. The domains 
of desire, arousal, lubrication, orgasm, and satisfaction 
were all significantly improved 3 months postoperatively. 
Unfortunately, pain with intercourse did increase in this 
immediate postoperative period; in this study, three levator 
plication sutures were included in the posterior colporrha- 
phy. Levator ani plication has been implicated as a possible 
cause of postoperative dyspareunia. 

Perineorrhaphy may lead to persistent or de novo peri- 
neal pain or dyspareunia. Venkatesh and Pamanujam (1996) 
reported a 50% (6/12) rate of persistent perineal pain fol- 
lowing a perineal body reconstruction in women with a 
preoperative perineal pain and a cloaca. The patients with 
persistent postoperative perineal pain described dyspa- 
reunia and dissatisfaction with the surgical results despite 
excellent anatomic reconstruction of the perineal body. 
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Vaginismus (pain in the pelvic floor muscles) is an often 
unrecognized etiology or contributor to postoperative pel- 
vic pain and dyspareunia. A woman who has vaginal pain 
following surgery may tighten the pelvic floor muscles in 
anticipation of pain with sexual activity. This can lead to 
chronic spasm and pain in the muscles surrounding the 
vagina. Physical therapy to relieve the spasm of the muscles 
is key to resolution of the pain. 

Correction of posterior wall prolapse by other methods 
is also related to dyspareunia, including the transanal route. 
Arnold et al. (1990) found similar rates of dyspareunia 
among women who had undergone a transvaginal approach 
(23%) versus an endoanal approach (21%). 

Graft placement can have a negative effect on sexual 
function. The rate of de novo dyspareunia following graft 
placement is up to 27%. The severity of the pain can vary 
widely and may lead to severe chronic pelvic pain (“pelvic 
cripples”). However, in the majority of women, the pain is 
described as mild or moderate. Lowman et al. (2008) found 
a 16.7% de novo dyspareunia rate in a population of women 
undergoing the Prolift procedure (Ethicon Women's Health 
and Urology, Somerville, NJ), however, 83% of the women 
with this new complaint would elect to have the surgery 
done again. Miller et al. (2011) reported 5% de novo dys- 
pareunia rate after transvaginal mesh placement in a 5-year 
prospective, cohort study, with resolution of pain in 8/12 
women with preoperative dyspareunia. Mesh erosion can 
contribute to the development of pain for both partners 
during intercourse. Even if erosion does not occur, the 
“behavior” of the graft under the epithelium of the vagina 
after it is placed may be a cause of discomfort with inter- 
course. The graft may shrink or have been placed under 
tension, leading to chronic pain particularly evident at the 
connection points with the pelvic sidewall (mesh arms or 
sutures) or sacrospinous ligament. The graft may become 
encapsulated and fibrotic, or completely disappear. These 
factors may have profound effects on the function of the 
vagina as a sexual organ. 

The attractiveness of the site-specific defect rectocele 
repair is that sexual function often was found to improve 
(or not worsen) following surgical correction of a rectocele. 
Abramov et al. (2005) compared site-specific defect repair 
and posterior colporrhaphy and found similar dyspareunia 
rates (16% versus 17%). Paraiso et al. (2006) found no 
significant difference in rates of postoperative dyspareu- 
nia when randomizing women to posterior colporrhaphy, 
site-specific defect repair, or graft-augmented site-specific 
repair. In general, avoidance of sutures that constrict vagina 
or genital hiatus and cause ridging of the posterior wall, and 
care to not overtrim the vaginal epithelium before closing 
will help keep postoperative dyspareunia to a minimum. 


Recurrence 


Most women who undergo a surgical procedure for the 
management of their prolapse anticipate it is a “once in a 
lifetime” event. However, the lifetime of a surgical repair 
for prolapse is largely unknown. Many women with recur- 
rent prolapse will choose to treat the prolapse conserva- 
tively. In a cross-sectional questionnaire study of women 
who had prior surgery for pelvic organ prolapse, 42% had 
current symptoms of prolapse. It is estimated that the 


risk of recurrent prolapse surgery is between 6% and 30%. 
Clark et al. (2003) reported that in a cohort of women in 
the Pacific Northwest, the time interval between the first 
and secondary pelvic organ prolapse or urinary incontinence 
procedures averaged 12.5 years. 

An understanding of factors associated with surgical 
failure is still in its infancy. Younger age, advanced preop- 
erative prolapse stage, and high BMI have been associated 
with recurrence in some studies but not in others. Recently, 
Dallenbach et al. (2012) found in a case-control series 
(including all recurrent prolapse surgeries from 1988 to 
2007) that the most important risk factors for recurrent 
prolapse requiring surgical management were sexual activity 
(adj. OR 2.0; 95% CI 1.0-2.7; P = 0.022), presence of pro- 
lapse in more that two vaginal segments (adj. OR 5.2; 95% 
CI 2.8-9.7; P < 0.001), history of surgery for pelvic organ 
prolapse and/or urinary incontinence (adj. OR 3.02; 95% 
CI 1.4-6.3; P = 0.003), and the absence of posterior repair 
at initial surgery (adj. OR 2.9; 95% CI 2.8-9.7; P < 0.001). 

The development of prolapse may be secondary to spe- 
cific identifiable risk factors. Many of these risk factors 
may persist after the initial surgery including genetic pre- 
disposition, occupational exposures, and/or injured pelvic 
floor muscles. Identification of modifiable risk factors for 
recurrence should prompt targeted therapies for manage- 
ment of these factors including weight loss, smoking ces- 
sation, and aggressive management of chronic lung disease 
and constipation. 


Conclusion 


The demand for the treatment of prolapse is estimated to 
double over the next 40 years. Further understanding of the 
etiology of prolapse, early identification of women at risk 
for development, and treatment options for repair of injured 
nerves and muscles would be ideal. It is imperative that we 
obtain level I evidence (randomized controlled trials) in women 
with posterior wall prolapse to determine the most efficacious 
procedure from an anatomic and functional standpoint. Fur- 
ther focus is warranted on an understanding of the complica- 
tions associated with each procedure and ways to minimize 
and effectively resolve these problems when they arise. 
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Introduction 


The surgical management of pelvic organ prolapse can be 
difficult; as several support defects often coexist, and simple 
anatomic correction of the various defects does not always 
result in normal function of the vagina and surrounding 
organs. Dynamic magnetic resonance imaging studies dem- 
onstrate that a significant proportion of anterior vaginal wall 
prolapse can be attributed to the descent of the vaginal apex, 
which clarifies why apical prolapse procedures are critical to 
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correcting vaginal prolapse (Chen et al., 2006). The pelvic 
surgeon must thoroughly understand normal anatomic sup- 
port and physiologic function of the pelvic musculature, 
vagina, lower urinary tract, and rectum. The goals of pelvic 
reconstructive surgery are to restore anatomy, maintain or 
restore normal bowel and bladder function, and maintain 
vaginal capacity for sexual intercourse, if desired. This chap- 
ter reviews the indications, surgical techniques, complica- 
tions, and outcomes of a variety of procedures that have 
been successful in supporting the prolapsed vaginal apex. 


Prevalence, Demographics, and Risk 
Factors for Pelvic Organ Prolapse 


Pelvic organ prolapse is a common condition in women. 
Many women are living longer and have a high expectation 
for quality of life beyond menopause, including an active 
lifestyle and the capacity for sexual activity. Because the 
prevalence of pelvic organ prolapse increases with age, the 
changing demographics of the world’s population will result 
in even more affected women. Based on projections from 
the U.S. Census Bureau, the number of American women 
age 65 and older will double in the next 25 years, to more 
than 40 million by 2030. Luber et al. (2001) noted that the 
demand for health care services related to pelvic floor disor- 
ders will increase at twice the rate of the population itself. 
The prevalence of pelvic organ prolapse is expected to 
increase substantially in the coming decades. The annual 
number of corrective surgeries and related health care costs 
will likely increase as well. Data from the U.S. National 
Hospital Discharge Survey reported that approximately 
200,000 women undergo surgery for pelvic organ prolapse 
annually (Boyles et al., 2003). Pelvic organ prolapse is the 
surgical indication for 7% to 14% of all hysterectomies for 
benign disease. Using data from a large health maintenance 
organization database from the US northwest, Olsen et al. 
(1997) reported an 11.1% risk of pelvic organ prolapse or 
urinary incontinence surgery by age 80. Surgery for pelvic 
organ prolapse with continence surgery (22%) or without 
(41%) accounted for 63% of this risk, or a lifetime risk of 
7%. A study by Brown et al. (2002), using data from the 
National Hospital Discharge Survey for surgical rates, indi- 
cated that approximately 22.7 in 10,000 women had some 
form of pelvic organ prolapse surgery in a year. As expected, 
surgical rates vary with age, peaking in the sixth decade. 


Racial differences also were reported: Caucasian women 
have a threefold greater rate of pelvic organ prolapse sur- 
gery than African American women. Pelvic organ prolapse 
is common worldwide. Samuelsson et al. (1999) reported 
a 30.8% prevalence of pelvic organ prolapse among Swed- 
ish women ages 20 to 59, with 2% having prolapse to the 
introitus. In the United Kingdom two hospitalizations for 
pelvic organ prolapse per 1000 person-years occur by age 60 
(Mant et al., 1997). Sajan and Fikree (1999) reported that 
19.1% of women in Pakistan who were younger than age 30 
reported feeling symptoms of prolapse. 

The incidence of prolapse surgery ranges from 1.5 to 
1.8 per 1000 women-years and peaks in women aged 60 to 
69. Data suggest that the risk of prolapse surgery is almost 
five times higher in women whose initial hysterectomy was 
indicated for prolapse, and eight times higher if preopera- 
tive prolapse was stage II or more. Because of its recurrent 
nature, vaginal vault prolapse remains a challenging problem 
for the patient and surgeon. 

Risk factors for the development of prolapse can be clas- 
sified as predisposing, inciting, promoting, or decompensat- 
ing events (Bump and Norton, 1998). Predisposing factors 
are genetic factors, race, and gender, which might result in 
connective tissue defects; inciting factors are pregnancy and 
childbirth, surgery such as hysterectomy for prolapse, myop- 
athy, and neuropathy; promoting factors include obesity, 
smoking, pulmonary disease, constipation, chronic straining, 
and recreational or occupational activities; and decompen- 
sating factors are aging, menopause, debilitation, and medi- 
cations. Depending on the combination of risk factors in 
an individual, prolapse may or may not develop during her 
lifetime. Advancing age, vaginal childbirth, and obesity are 
the most established risk factors. Both the Oxford Family 
Planning Study (Mant et al., 1997) and the Women’s Health 
Initiative showed that vaginal parity was a strong risk factor 
for pelvic organ prolapse. The Women’s Health Initiative 
noted that single childbirth was associated with increased 
risk of uterine prolapse; every additional delivery up to 
five births increased the risk of prolapse by 10% to 20% 
(Hendrix et al., 2002). Established and potential risk factors 
for pelvic organ prolapse are shown in Box 25.1. 


Pathology of Pelvic Organ Prolapse 


Pelvic organ prolapse can result when normal pelvic organ 
supports are chronically subjected to increases in intra- 
abdominal pressure or when defective genital support 
responds to normal intra-abdominal pressure. Individual 
organs that pass through the pelvic floor can lose support 
singly or in combination, resulting in various degrees and 
combinations of pelvic organ prolapse. This loss of support 
occurs as a result of damage to any of the pelvic support 
systems. These systems include the bony pelvis, to which 
the soft tissues ultimately attach; the subperitoneal reti- 
naculum and smooth-muscle component of the endopelvic 
fascia (the cardinal and uterosacral ligament complex); the 
pelvic diaphragm, with the levator ani muscles and their 
fibromuscular attachments to the pelvic organs; and the 
perineal membrane. The perineal body and the walls of the 
vagina can lose tone and weaken from pathologic stretch- 
ing from childbirth and attenuating changes of aging and 
menopause. 
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Loss of support or integrity of the anterior and poste- 
rior vaginal walls results in cystocele and entero-rectocele, 
respectively. Uterovaginal prolapse occurs with damage or 
attenuation of endopelvic fascia that supports the uterus 
and upper vagina over the pelvic diaphragm. Furthermore, 
when the muscles within the pelvic diaphragm weaken as 
a result of congenital factors, childbirth injury, pelvic neu- 
ropathy, or aging, the levator ani muscles lose resting tone 
and fail to contract quickly and strongly with increases in 
intra-abdominal pressure. Muscle atrophy and a wider leva- 
tor hiatus result; weaker and less rapid muscle contractions 
with increases in intra-abdominal pressure contribute to 
related symptoms of urinary and fecal incontinence. 

The vaginal axis in an erect woman normally is nearly 
horizontal in the upper half of the vagina, with the uterus 
and upper 3 or 4 cm of the vagina lying over the levator plate 
in the hollow of the sacrum (Fig. 25.1). Funt et al. (1978) 
found that the vagina is directed toward the S3 and S4 
vertebrae and extends approximately 3 cm past the ischial 
spines in most nulliparous women. Increases in intra-abdom- 
inal pressure compress the vagina anteriorly to posteriorly 
over the contracted levator muscles in the midline (levator 
plate). Diminished muscle tone may result in loss of stabil- 
ity of the levator plate, widening of the levator hiatus, and 
loss of an adequate base to support the upper vagina and 
uterus in the normal axis. Distortion of the normal vaginal 
axis during reconstructive pelvic surgery predisposes women 
to the development of pelvic organ prolapse at an anatomic 
site opposite to where the repair was performed. Examples 
of this are the development of posterior vaginal wall prolapse 
after colposuspension procedures for stress incontinence and 
the development of anterior vaginal wall prolapse after sus- 
pension of the vaginal apex to the sacrospinous ligament. 

Connective tissue defects have been found in women 
with uterine prolapse and stress incontinence. In several 


ESTABLISHED RISK FACTORS 


Vaginal delivery 
Advancing age 
Obesity 


POTENTIAL RISK FACTORS 
Obstetric factors 
e Pregnancy (irrespective of mode of delivery) 
e Forceps delivery 
e Young age at first delivery 
e Prolonged second stage of labor 
Infant birthweight >4500 g 
Shape or orientation of bony pelvis 
Family history of pelvic organ prolapse 
Race or ethnic origin 
Connective tissue disorders or other genetic factors 
Occupation requiring heavy lifting 
Constipation or other defecation disorder with chronic 
straining 
Previous hysterectomy, especially without concurrent 
culdoplasty 
Selective estrogen receptor modulators 


Modified from Jelovsek JE, Maher C, Barber MD. Pelvic organ prolapse. Lancet. 
2007;369:1027. 


studies, Madakinen et al. (1986, 1987) identified abnormal 
histologic changes in the pelvic connective tissue in 70% of 
women with uterine descent compared with 20% of normal 
controls. Decreased cellularity (fibroblasts) and an increase 
in collagen fibers were observed. Ulmsten et al. (1987) 
reported 40% less total collagen in the skin and round liga- 
ments of women with stress incontinence when compared 
with those of continent women. These studies and others 
suggest that abnormal connective tissue may be associated 
with pelvic organ prolapse and stress incontinence. 


Transvaginal Native Tissue Suture 
Repairs 
Techniques 


Vaginal Repair of Enterocele 


Enterocele is a hernia in which peritoneum and abdominal 
contents displace the vagina and may even be in contact with 


Cardinal & 
uterosacral ligs. 


. Levator 
plate 


FIGURE 25.1 Normal vaginal axis of nulliparous woman in the stand- 
ing position. Note that the upper third of the vagina is nearly hori- 
zontal and is directed toward the S3 and S4 sacral vertebrae. (From 
Funt MI, Thompson JD, Birch H. Normal vaginal axis. South Med J. 
1978;71:1534, with permission. 


Pubocervical 


Vaginal cuff 
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vaginal mucosa. The normal intervening endopelvic fascia is 
deficient or absent, and small bowel fills the hernia sac. 

Clinically, enteroceles are best classified based on their 
anatomic location. Apical enteroceles herniate through the 
apex of the vagina, posterior enteroceles herniate posteriorly 
to the vaginal apex, and anterior enteroceles, which are very 
rare, herniate anterior to the vaginal apex (Fig. 25.2A—-C). 

Most apical prolapse after hysterectomy occurs with 
apical or posterior enterocele and almost always occurs in 
association with a rectocele and/or cystocele. When these 
hernias coexist with rectoceles, the rectovaginal examina- 
tion may demonstrate the rectocele as distinct from the 
bulging sac that arises from a higher point in the vagina. 
Visual inspection of the posterior vaginal wall may reveal 
a transverse furrow between the two hernias. However, 
in many patients with prolapse after hysterectomy, it is 
difficult to preoperatively determine whether an entero- 
cele sac coexists with a large rectocele or cystocele. For 
this reason, in cases of advanced anterior or posterior vagi- 
nal wall prolapse, the surgeon should attempt to deter- 
mine whether a portion of the prolapse is secondary to 
an enterocele. This should include routine dissection of 
the vagina from its underlying structures all the way to 
the apex of the vagina. The enterocele sac can usually be 
visually or digitally identified as a sac of peritoneum sepa- 
rate and distinct from the wall of the bladder or rectum. 
At times, a finger in the rectum or retrograde filling of 
the bladder may assist the surgeon in safely isolating and 
entering an enterocele sac. 

Patients rarely have an isolated enterocele; hence, con- 
current vaginal vault suspension, with cystocele and recto- 
cele repair, is often necessary. Figure 25.3A shows an 
isolated apical enterocele with well-supported anterior and 
posterior vaginal walls. In such a case, no formal vaginal 
apex suspension is necessary because simple excision and 
closure of the enterocele sac results in a well-supported 
vagina of adequate length. As more of the anterior and pos- 
terior vaginal walls become everted, the more complex the 
repair becomes (Fig. 25.3B and C). The technique of vaginal 
repair of an apical or posterior enterocele is as follows. 


Vagina 


FIGURE 25.2 Cross-section of the pelvic floor showing various anatomic locations of enteroceles. A, Anterior enterocele, a defect in the pubo- 
cervical fascia near its attachment to the vaginal apex. The peritoneal sac with its contents protrudes anterior to the vaginal cuff. B, Apical 
enterocele, a defect at the vaginal apex; the peritoneal sac protrudes between the pubocervical fascia anterior and the rectovaginal fascia 
posterior. C, Posterior enterocele, a defect posterior to the vaginal cuff. The peritoneal sac protrudes through the defect in rectovaginal fascia 


posterior to the vaginal cuff. 


Ischial spine 


Vaginal 
length = 
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length = 
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Level of ischial spine 
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Enterocele with 
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FIGURE 25.3 Various degrees of vaginal apex eversion. A, Isolated 
enterocele with well-supported anterior and posterior vaginal walls. 
Note that surgical repair would only require excision of the sac and 
closure of the defect because the vaginal cuff is already at the level 
of the ischial spine. B, Note that vaginal cuff is at -4.5 cm; thus, 
surgical repair should ideally require suspension of vaginal cuff to 
or above the level of the ischial spine. C, Note complete eversion of 
the vagina, with the vaginal cuff prolapsed well beyond the hymen; 
also note coexisting cystocele and rectocele. Surgical repair becomes 
much more complicated if the goal is to create a well-supported 
vagina of sufficient length. 


1. The patient is positioned as for a posterior colporrha- 
phy. A midline posterior vaginal wall incision is made 
over the enterocele sac up to the vaginal apex; it is 
extended to the perineum if a rectocele is also present. 
The posterior vaginal wall is dissected off the enterocele 
sac and the anterior rectal wall. The dissection should 
extend laterally to the medial margins of the levator ani 
muscles (Fig. 25.4A). 

2. The enterocele sac should be mobilized from the vaginal 
walls and rectum. When the enterocele sac is difficult to 
distinguish from the anterior rectum, differentiation is 
aided by a rectal examination, with simultaneous dissec- 
tion of the enterocele sac from the anterior rectal wall 
(Fig. 25.4B). At times, distinguishing the enterocele sac 
from a large cystocele may prove difficult. In this situa- 
tion, placing a probe into the bladder or transilluminat- 
ing the area with a cystoscope may prove helpful. 

3. After the enterocele sac has been dissected from the 
vagina and rectum, traction is placed on it with two 
Allis clamps and the peritoneal sac is entered sharply 
(Fig. 25.4C). The enterocele sac is explored digitally 
to ensure that no small bowel or omental adhesions 
are present (Fig. 25.4D); if encountered, they are dis- 
sected back to the level of its neck. 

4. At this point the surgeon must choose the technique 
that will be used to address the enterocele and suspend 
the vaginal vault. The factors that influence this deci- 
sion include the extent of the prolapse and whether 
an intraperitoneal or extraperitoneal suspension is to 
be performed. The enterocele should be closed if the 
enterocele is an isolated prolapse (which is a relatively 
rare situation) or an extraperitoneal vaginal vault sus- 
pension is to be performed. Under direct visualiza- 
tion, two or three circumferential, nonabsorbable, 
purse-string sutures are used to close the enterocele 
sac (Fig. 25.4E). The cardinal-uterosacral ligaments 
are incorporated in these purse-string sutures. Once 
placed, the sutures are tied in sequence. Care should 
be taken to avoid kinking the ureter. 

5. Posterior colporrhaphy and vaginal apex suspension 
are performed as indicated (Fig. 25.4F). 


McCall Culdoplasty 


When mild forms of uterovaginal prolapse are present, vagi- 
nal hysterectomy and culdoplasty with appropriate vaginal 
repairs are usually sufficient to relieve the patient’s symp- 
toms and restore normal vaginal function. McCall (1957) 
described a technique for the surgical correction of entero- 
cele and a deep cul-de-sac at the time of vaginal hyster- 
ectomy. The advantage of the McCall culdoplasty is that 
it not only closes the redundant cul-de-sac and associated 
enterocele but also provides apical support and lengthening 
of the vagina. Many authors advocate using this procedure 
as part of every vaginal hysterectomy, even in the absence of 
enterocele, to minimize future hernia formation and vaginal 
vault prolapse. The technique is as follows (Fig. 25.5). 

1. After the vaginal hysterectomy is completed, the sur- 
geon places a finger into the posterior cul-de-sac to 
evaluate vaginal depth. Lateral traction is placed on 
the previously tagged uterosacral ligaments. 

2. With the patient in the Trendelenburg position, a large 
pack is placed intraperitoneally to prevent the omentum 
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FIGURE 25.4 Dissection and 
vaginal repair of enterocele. A, 
The enterocele sac has been com- 
pletely mobilized of the vaginal 
epithelium. B, A finger in the rec- 
tum facilitates sharp dissection of 
the enterocele sac off the anterior 
wall of the rectum. C, The entero- 
cele sac is sharply entered. D, The 
peritoneum has been excised and 
the cul-de-sac is exposed. E, A 
series of purse-string sutures incor- 
porating the distal ends of the 
uterosacral ligaments are placed 
to close the defect at its neck. F, 
The vaginal apex is attached to 
the plicated uterosacral ligaments. 


FIGURE 25.5 McCall culdoplasty technique. Internal and external 
McCall sutures are placed. The lowest suture (external McCall) incor- 
porates the posterior vaginal wall, providing additional support. 
(Illustration by Ross Papalardo. Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2012-2013. All rights 
reserved. From Walters MD, Ridgeway BM. Surgical treatment of vaginal 
apex prolapse. Obstet Gynecol. 2013;121(2 pt 1):354.) 


or bowel from descending into the field. A permanent 
suture is initially passed through one uterosacral liga- 
ment as high as possible. Successive bites at 1- to 2-cm 
intervals then are taken through the anterior serosa of 
the bowel, until the opposite uterosacral ligament is 
reached. This suture is left untied, and successive iden- 
tical sutures are placed as needed, progressing toward 
the posterior vaginal cuff. The number of internal 
McCall sutures placed depends on the size and depth 
of the enterocele or cul-de-sac. The goal is obliteration 
of the entire dependent portion of the cul-de-sac. 

3. After all of the internal permanent sutures have been 
placed and their ends held laterally without tying, one 
or two delayed absorbable No. 0 sutures are placed. 
These are inserted from the vaginal lumen just below 
the middle of the cut edge of the posterior vaginal cuff, 
through the peritoneum, and through the right uterosac- 
ral ligament. As described in step 2, successive bites are 
taken across the cul-de-sac and into the left uterosacral 
ligament. This suture is passed through the peritoneum 
and vaginal epithelium, adjacent to the point of entry. 

4. The permanent sutures are tied in sequence. The 
vaginal cuff then is closed. Finally, the delayed 
absorbable sutures are tied in a manner that brings 
the posterior vagina up to the level of the uterosacral 
ligaments. 

5. Cystoscopy is performed to assure ureteral patency. 
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Modified McCall Culdoplasty (Endopelvic 
Fascia Repair) 


Between 1952 and 1981, two groups of investigators per- 
formed a total of 367 surgeries for vaginal eversion by sutur- 
ing the prolapsed vagina to the endopelvic fascia (Lee and 
Symmonds, 1972; Phaneuf, 1952; Symmonds and Pratt, 
1960; Symmonds and Sheldon, 1965; Symmonds et al., 
1981). Webb et al. (1998) more recently reported 660 
women who underwent primary endopelvic fascia repair for 
vault prolapse after hysterectomy between 1976 and 1987. 
The technique of this repair is as follows. 

1. An elliptical wedge of vaginal mucosa is excised initially 
from the anterior and posterior walls of the prolapsed 
vagina to narrow the vault and allow access to the 
lateral apical supports of the vagina and rectum. The 
width and length of the excised wedge are determined 
by the desired dimensions of the reconstructed vagina. 

2. The enterocele sac is isolated and excised, and the 
ureters are identified by palpation or dissection. 

3. Up to three modified McCall stitches are placed (see 
Fig. 25.6). Each suture incorporates the full thick- 
ness of the posterior vaginal wall, the cul-de-sac 
peritoneum, the remains of the uterosacral—cardinal 
complex laterally, and the fascial tissue lateral and 
posterior to the upper vagina and rectum. 

4. Sutures then are tied, resulting in fixation of the 
prolapsed vaginal vault to the uppermost portion of 
the endopelvic fascia as well as high closure of the 
cul-de-sac peritoneum. 

5. Cystoscopy after intravenous injection of indigo car- 
mine is recommended to document bilateral ureteral 
patency. 


Uterosacral Ligament Colpopexy 


A popular transvaginal approach to the management of 
apical prolapse is bilateral uterosacral ligament colpopexy. 
The procedure is based on the anatomic observations of 
Richardson (1995), who believed that the connective tissue 
of the vaginal tube does not stretch or attenuate but rather 
breaks at specific definable points. In the authors’ opinion 
these repairs have advantages over extraperitoneal repairs in 
that the surgery can be tailored to the amount of prolapse 
present, with more advanced amounts of prolapse requiring 
higher placement of sutures (Fig. 25.7), and it suspends the 
apex of the vagina into the hollow of the sacrum and thus 
does not create any significant distortion of the vaginal axis. 
While the procedure can be performed abdominally or lapa- 
roscopically, the transvaginal route is most common. 

1. The vaginal apex is grasped with two Allis clamps 
(Fig. 25.8A) and incised with a scalpel. The vaginal 
epithelium is dissected off the enterocele sac up to 
the neck of the hernia. The enterocele is opened, 
and the hernia sac is excised (Fig. 25.8B). If intra- 
peritoneal access cannot be obtained, one may 
consider an extraperitoneal uterosacral ligament col- 
popexy; however, in such a situation we prefer to 
proceed with either a sacrospinous or ileococcygeus 
suspension. 

2. Several moist tail sponges are placed in the pos- 
terior cul-de-sac. A wide Deaver retractor is used 
to elevate the packs and the intestines out of the 
operative field. 
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FIGURE 25.6 Modified McCall culdoplasty. A, The cul-de-sac is digitally palpated, and excessive peritoneum and posterior vaginal wall are 
noted. B, A wedge of tissue (dotted line), which includes full-thickness vaginal wall and peritoneum, is excised to decrease the caliber of the 
upper portion of the posterior vaginal wall. C, External McCall stitches are placed in a traditional fashion. D, Tying these sutures obliterates the 
cul-de-sac, supports the vaginal cuff, and increases posterior vaginal wall length. 


3. The ischial spines are palpated transperitoneally. The of the Allis clamp should be intraperitoneal and the 


remnants of the uterosacral ligaments are found pos- 
terior and medial to the ischial spine, and the ureter 
can sometimes be palpated or visualized along the 
pelvic side wall, anywhere from 2 to 5 cm ventral 
and lateral to the ischial spine. 

. Traction on Allis clamps placed at approximately the 
5 o'clock and 7 o’clock positions allows palpation 
of the uterosacral ligaments (Fig. 25.8C). One end 


other in the lumen of the vagina. 


. Usually, two to three delayed absorbable sutures 


are passed through the ligament on each side. To 
ensure adequate vaginal length, the highest suture 
should be close to the level of the ischial spine 
(Fig. 25.8D). When placed slightly medial and 
cephalad to the ischial spine the needle may, via 
a transperitoneal approach, penetrate a portion 
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FIGURE 25.7 Cross-section of the pelvic floor demonstrating intraperitoneal placement of sutures for (1) McCall culdoplasty, (2) traditional 
uterosacral suspension, and (3) modified high uterosacral suspension. Note that high uterosacral suspension may involve passage of the suture 
through the coccygeus muscle-sacrospinous ligament (CSSL) complex because a portion of the uterosacral ligament inserts into this structure. 


of the coccygeus-sacrospinous ligament (C-SSL) 9. Tying the vault suspension sutures elevates the vagina 
complex (Fig. 25.7). high up into the hollow of the sacrum (Fig. 25.8H). 

6. In situations where the cul-de-sac is very deep and 10. Cystoscopy after intravenous injection of indigo car- 
wide, internal McCall-type sutures can be placed, mine is recommended to document bilateral ureteral 
plicating the distal remnants of the uterosacral liga- patency. 


ments across the midline. However, we believe this 
is rarely indicated. 

7. The delayed absorbable sutures that had been passed To perform sacrospinous ligament colpopexy correctly and 
high up through the uterosacral ligaments then are safely, the surgeon must be familiar with pararectal anat- 
passed either through the full thickness of the pos- omy as well as the anatomy of the ischial spine, ileococ- 
terior vaginal wall (Fig. 25.8E) or through the full — cygeus and coccygeus muscles, sacrospinous ligament, and 
thickness of both the anterior and posterior vaginal the surrounding structures (Fig. 25.10). The sacrospinous 


Sacrospinous Ligament Colpopexy 


walls (Fig. 25.9). ligaments extend from the ischial spines on each side to the 
8. If necessary, an anterior colporrhaphy is performed. lower portion of the sacrum and coccyx. The fibromuscular 
The vagina is trimmed and closed with a 3-0 delayed coccygeus muscle and sacrospinous ligament are basically 


absorbable suture (Fig. 25.8F and G). the same structure and thus can be called the C-SSL. The 
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FIGURE 25.8 Technique for high uterosacral vaginal vault suspension. A, The most prominent portion of the prolapsed vaginal vault is grasped 
with Allis clamps. B, The vaginal wall is opened, and the enterocele sac is identified and entered. C, The bowel is backed high up into the pelvis 
using laparotomy sponges. The retractor lifts the sponges up out of the lower pelvis, thus completely exposing the cul-de-sac. When appro- 
priate downward traction is applied on the uterosacral ligaments with an Allis clamp, the uterosacral ligaments are easily palpated bilaterally. 
D, Delayed absorbable sutures are passed through the uppermost portion of the uterosacral ligaments on each side and are individually 
tagged. E, Each end of the previously passed sutures is brought out through the posterior peritoneum and the posterior vaginal wall. A free 
needle is used to pass both ends of these delayed absorbable sutures through the full thickness of the vaginal wall. F, The anterior colporrhaphy 
is begun by initiating a dissection between the prolapsed bladder and the anterior vaginal wall. 


coccygeus muscle has a large fibrous component in the body 
of the muscle and on the anterior surface, where it appears 
as white ridges. The C-SSL is identified by palpating the 
ischial spine and tracing the flat triangular thickening medial 
and posterior to the sacrum. The fibromuscular coccygeus is 
attached directly to the underlying sacrotuberous ligament. 

Posterior to the C-SSL and sacrotuberous ligament are 
the gluteus maximus muscle and the fat of the ischiorectal 
fossa. The pudendal nerves and vessels lie directly poste- 
rior to the ischial spine. The sciatic nerve lies superior and 


lateral to the C-SSL. Also, an abundant vascular supply 
that includes inferior gluteal vessels and hypogastric venous 
plexus lies superiorly. 

Before initiating a sacrospinous ligament colpopexy, one 
should have preoperatively recognized the ischial spines 
and C-SSL during pelvic examination. The sacrospinous 
ligament colpopexy is done for moderate to severe apical 
prolapse after hysterectomy; it can also be done with simul- 
taneous vaginal hysterectomy or even as a hysteropexy (see 
Chapter 26). We usually perform the apical suspension 


G 


@ 


H 


FIGURE 25.8, cont’d G, The anterior colporrhaphy has been completed. H, The vagina has been appropriately trimmed and closed with inter- 
rupted or continuous delayed absorbable sutures. After closing the vagina, the delayed absorbable sutures that were previously brought out 
through the full thickness of the posterior vaginal wall are tied, thereby elevating the prolapsed vaginal vault high up into the hollow of the 
sacrum. (From Baggish MS, Karram MM. Vaginal repair of vaginal vault prolapse. In: Atlas of Pelvic Anatomy and Gynecologic Surgery. 3rd ed. 


Saunders: St. Louis; 2011:713-714.) 


FIGURE 25.9 Uterosacral ligament colpopexy. A, The uterosacral ligament at about the level of the ischial spine is grasped with an Allis clamp. 
B, Three sutures are placed through the ipsilateral uterosacral ligament and then through the vaginal apex. C, Sutures are placed bilaterally and 
tied, suspending the apex. (Illustration by Ross Papalardo. Reprinted with permission, Cleveland Clinic Center for Medical Art and Photography © 
2012-2013. All rights reserved. From Walters MD, Ridgeway BM. Surgical treatment of vaginal apex prolapse. Obstet Gynecol. 2013;121(2 pt 1):354.) 


unilateral to the right C-SSL, but surgeons occasionally use 
the left C-SSL or do a bilateral suspension. This operation 
usually requires simultaneous correction of the anterior and 
posterior vaginal walls and an enterocele repair. Placing the 
prolapsed vaginal apex to the sacrospinous ligament to see 
whether the vagina is long enough to complete the repair and 
whether the anterior and posterior vaginal wall prolapse dis- 
appear helps to determine whether cystocele and rectocele 
repairs are needed. Patient consent to these repairs should 
be routinely received because many times it is difficult to 
discern the extent of the various defects in the office. The 
technique of unilateral sacrospinous colpopexy is as follows. 
1. If the uterus is present, a vaginal hysterectomy is 
done and the peritoneum is closed, as previously 


described. Sacrospinous cervicopexy or hysteropexy 
could also be done using similar technique, if desired 
(see Chapter 26). 


. The apex of the vagina is grasped with two Allis 


clamps, and downward traction is used to determine 
the extent of the vaginal prolapse and associated vagi- 
nal support defects. The vaginal apex then is reduced 
to the sacrospinous ligament intended to be used. 
At times the true apex of the vagina at the hyster- 
ectomy scar is foreshortened and will not reach the 
intended area of fixation, as with a shortened ante- 
rior vaginal wall and a prominent posterior entero- 
cele. The “new” apex should be moved to a portion 
of the vaginal wall over the most severe prolapse, 
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FIGURE 25.10 Anatomy surrounding the coccygeus muscle—sacrospinous ligament complex. 


thus allowing sufficient vaginal length for suspension 
to the C-SSL. The intended apex is tagged with two 
sutures for later identification. 

. The C-SSL can be accessed via a posterior vaginal dis- 
section, through the apex, or by an anterior approach 
dissecting at the base of a paravaginal dissection. In 
the posterior approach a midline posterior vaginal 
wall incision is made just short of the apex of the 
vagina, leaving a small vaginal bridge approximately 
3 or 4 cm wide. In the majority of cases, an entero- 
cele sac is present. This sac should be dissected off 


the rectum and posterior vaginal wall and apex, the 
peritoneum entered, and the sac closed with a high 
purse-string suture (Fig 25.4). 


. The perirectal space or the space along the peri- 


toneum near the apex then is entered by breaking 
through the fibroareolar tissue just lateral to the 
enterocele sac at the level of the ischial spine. This 
can usually be accomplished with blunt dissection 
after mobilizing the rectum medially. At times, how- 
ever, the use of gauze on the index finger or a tonsil 
clamp is necessary to break into this space. 


5. Once the perirectal space is entered, the ischial spine 


is identified and, with dorsal and medial movement 
of the fingers, the C-SSL is palpated. Blunt dissec- 
tion is used to further remove tissue from this area. 
The surgeon should take great care to ensure that the 
rectum is adequately retracted medially. At this time, 
we recommend performing a rectal examination to 
ensure that no inadvertent rectal injury has occurred. 
. Several techniques are used for the actual passage of 
sutures through the ligament. 

Our preferred technique for passing the sutures 
through the C-SSL uses a device that captures trans- 
vaginal sutures (Fig. 25.11A). The proposed advan- 
tage of this technique is that it is safer and easier 
because the device enters the C-SSL under direct 
palpation of distinct landmarks, proceeding top to 
bottom, and then is pulled down into the safe peri- 
rectal space below. Other popular instruments for 
placing the C-SSL sutures are the long-handled Des- 
champs ligature carrier and nerve hook, the Miya 
hook, and even direct suturing. 

To perform this technique on the right, the left middle 
fingertip is placed on the C-SSL just below its superior 
margin, approximately 3 cm medial to the ischial spine 
or in the midposition of the C-SSL. A long retractor 
such as a Breisky—Navratil retractor can be placed 
medially to mobilize and protect the rectum if needed. 
Great care should be taken when retracting in this area 
to prevent bleeding and nerve and rectal damage. The 
suture-capturing device, held in the right hand in a 
closed position, is slid along the palmar surface of the 
left hand. With the tip of the middle finger, the suture- 
capturing device notch is placed 3 cm medial to the 
ischial spine, approximately 0.5 cm below the superior 
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edge. With the middle and index fingers, firm down- 
ward pressure is applied and the device is engaged at 
the handle, so the needle passer penetrates the C-SSL 
(Fig. 25.11A). The handle is released and the device 
is removed with the suture and the suture is tagged. 
Depending on the size of the ligament, most authori- 
ties place between two and four sutures through the 
C-SSL to attach it to the vaginal apex (Fig. 25.11B). 
There is no consensus about suture type; a combina- 
tion of delayed absorbable and nonabsorbable mono- 
filament sutures are commonly used. 


. If the patient requires an anterior vaginal wall repair, 


we prefer performing an anterior colporrhaphy at 
this point in the operation. 


. The surgeon then brings the stitches out to the 


apex of the vagina, either with the use of a pul- 
ley stitch for permanent sutures or simply passing 
each pair of sutures through the apex for delayed 
absorbable sutures (Fig. 25.11B). After the sutures 
have been brought out through the vagina, the 
upper portion of the posterior vaginal wall is closed 
with continuous absorbable No. 2-0 sutures. The 
vaginal apex suspension stitches then are tied, 
thus elevating the apex of the vagina to the C-SSL 
(Fig. 25.11C). It is important that the vagina comes 
into contact with the C-SSL and no suture bridge 
exists, especially if delayed absorbable sutures are 
being used. While tying these sutures, it may be 
useful to perform a rectal examination to detect 
any suture bridges. 


9. After these sutures are tied, an anti-incontinence 


procedure and a posterior colpoperineorrhaphy are 
completed, as needed. The vagina can be packed 
with moist gauze for 24 h, if desired. 


FIGURE 25.11 Sacrospinous liga- 
ment colpopexy. A, Passage of 
Capio ligature carrier with suture 
through the coccygeus muscle- 
sacrospinous ligament complex 
(C-SSL). Note that needle tip is 
passed downward from above. 
B, Three sutures are placed 
through the C-SSL; the middle 
suture is nonabsorbable, so is 
passed through the muscularis and 
the knot buried. C, Final attach- 
ment of the vagina to the C-SSL. 
(Illustration by Ross Papalardo. 
Reprinted with permission, Cleve- 
land Clinic Center for Medical Art 
& Photography © 2012-2013. All 
rights reserved. From Walters MD, 
Ridgeway BM. Surgical treatment 
of vaginal apex prolapse. Obstet 
Gynecol. 2073;121(2 pt 1):354.) 
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10. The risk of ureteral obstruction or kinking is 
extremely low with sacrospinous ligament colpopexy. 
However, cystourethroscopy should be performed if 
a concomitant enterocele repair, anterior colporrha- 
phy, or anti-incontinence procedure is performed. 


lliococcygeus Fascia Suspension 


In older women who are having transvaginal colpopexy, if 
the vagina is not long enough to reach either the C-SSL or 
if scarring makes it impossible or unsafe to suture into the 
C-SSL, then bilateral fixation of the prolapsed vaginal apex 
to the iliococcygeus fasciae just below the ischial spines is 
a useful and effective technique. It also can be used if the 
vagina is somewhat foreshortened, but the posterior apex 
needs additional support during rectocele repair. The tech- 
nique of this repair is as follows. 

1. The posterior vaginal wall is opened in the midline 
as for a posterior colporrhaphy, and the rectovaginal 
spaces are dissected widely to the bilateral levator 
muscles. 

2. The dissection is extended bluntly toward the ischial 
spines. 

3. With the surgeon’s nondominant hand depressing the 
rectum downward and medially, an area 1 to 2 cm 
caudad and posterior to the ischial spine in the iliococ- 
cygeus muscle and fascia is exposed (Fig. 25.12). A 
single No. 0 delayed absorbable suture is placed deep 
into the levator muscle and fascia. Both ends of the 
suture are then passed through the ipsilateral poste- 
rior vaginal apex and held with a hemostat. This is 
repeated on the opposite side. 

4. The posterior colporrhaphy is completed, and the 
vagina is closed. Both sutures are tied, elevating the 
posterior vaginal apices. 


Outcomes 


Although there is a wealth of experience as well as numer- 
ous observational studies of transvaginal repair of apical pro- 
lapse, there are surprisingly few high-quality cohort studies 
with long follow-up or randomized trials comparing the dif- 
ferent transvaginal repairs. Definitions of various treatment 
outcomes also vary significantly among studies. The results 
of McCall culdoplasty were discussed in a review article by 
Sze and Karram (1997). Of the early studies reporting 367 
patients, 322 (88%) received postoperative follow-up rang- 
ing from 1 to 12 years, with a cure rate of 88% to 93%. A 
subsequent study by Webb et al. (1998) reported results 
from 660 women, most of whom were followed up with a 
questionnaire; 11.5% of patients complained of a “bulge” 
or “protrusion” at the time of questioning, 82% indicated 
that they were satisfied, and 22% of sexually active women 
complained of dyspareunia. 

Early cohort studies of sacrospinous ligament and ileo- 
coccygeus colpopexy show the operations to be effective 
for vaginal apex support, but vaginal prolapse recurs with 
time, most commonly the anterior wall. With 73-month 
follow-up in 243 patients who had sacrospinous ligament 
colpopexy and vaginal repairs, Paraiso et al. (1996) showed 
prolapse recurrence in the anterior, posterior, and apical 
segments to be 37.4%, 13.6%, and 8.2%, respectively. Pro- 
lapse-free survival rates at 1, 5, and 10 years were 88.3%, 


79.7%, and 51.9%, respectively. From 1981 to 1993, Shull 
et al. (1993) and Meeks et al. (1994) used the iliococcygeus 
colpopexy technique to treat 152 patients with post-hys- 
terectomy vault prolapse or total uterine prolapse. Thirteen 
patients (8%) developed recurrent pelvic support defects at 
various sites 6 weeks to 5 years after the initial procedure; 
2 had apical prolapse, 8 had anterior vaginal prolapse, and 
3 had posterior wall defects. In 2001, Maher et al. (2001) 
performed a matched case-control study to compare ileo- 
coccygeus suspension and sacrospinous colpopexy for vagi- 
nal vault prolapse. They found the procedures to be equally 
effective with similar complication rates. 

Shull et al. (2000) reported their experience with 298 
patients after uterosacral ligament colpopexy: 12% had evi- 
dence of an anterior wall defect in the form of cystocele 
or urethrocele and 4% patients developed posterior wall 
defects. In all, 38 patients (13%) developed one or more 
support defects. A more recent systematic review of utero- 
sacral ligament colpopexy showed that the pooled rates for 
successful anatomic outcome was 81.2%, 98.3%, and 87.4% 
in the anterior, apical, and posterior vagina, respectively. 
Patients with more severe pelvic organ prolapse (stage III 
or IV) had significantly worse cure rates (Marguiles et al., 
2010). Barber et al. (2014) recently showed in a random- 
ized multicenter trial that uterosacral and sacrospinous col- 
popexy had similar anatomic, functional, and adverse event 
outcomes at 24 months. 

The recent Cochrane review of surgical management of 
pelvic organ prolapse does not provide much additional out- 
come information about the efficacy of native tissue trans- 
vaginal prolapse repairs because there are so few randomized 
surgical trials addressing these surgeries (Maher et al., 2013). 
The systematic review by Diwadkar et al. (2009) showed 
that transvaginal native tissue prolapse repairs, compared 
to sacral colpopexy and mesh-augmented vaginal repairs, 
have the highest rate of reoperation for prolapse recurrence 
but the lowest overall reoperation rate. This is because the 
transvaginal native tissue repairs are relatively safe, and few 
related complications require reoperation. 


Avoiding and Managing Complications 


All of the transvaginal surgeries involve dissection of vesico- 
vaginal and rectovaginal spaces and thus have small risks of 
bleeding, cystotomy, and proctotomy. Postoperative vaginal 
or pelvic infections, voiding difficulties, and urinary tract 
infections can occasionally occur but are short-lived. The 
most worrisome complication with McCall culdoplasty and 
uterosacral ligament colpopexy is ureteral compromise. The 
risk of ureteral obstruction is approximately 2% to 4%, and 
most obstructions are relieved intraoperatively if recognized 
during cystoscopy. It is imperative that intraoperative cys- 
toscopy be done after tying the culdoplasty or colpopexy 
sutures to ensure ureteral patency. If ureteral spill is not 
observed, then the culdoplasty or suspension sutures on 
that side should be cut and removed and the ureter reevalu- 
ated. Often, the suture can be replaced using a more medial 
placement into the uterosacral ligament complex. 

Unique but serious intraoperative complications can 
occur, especially with sacrospinous colpopexy. Potential 
complications of the procedure include hemorrhage, nerve 
injury, and rectal injury. Severe hemorrhage with blood 
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FIGURE 25.12 lliococcygeus fascia suspension. A, With the surgeon’s finger pressing the rectum downward, the right iliococcygeus fascia 
suture is placed. Approximate location of the iliococcygeus fascia sutures (inset). B, Bilateral iliococcygeus fascia suspension. 
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transfusion can result from overzealous dissection superior 
to the coccygeus muscle or ischial spine. This can result in 
hemorrhage from the inferior gluteal vessels, hypogastric 
venous plexus, or pudendal vessels. Hemorrhage from these 
vessels can be difficult to control. For this reason, we pre- 
fer limited careful dissection on top of (but not behind) the 
C-SSL. We also use the transvaginal suture-capturing tech- 
nique, in which the needle tip is passed downward toward 
the muscle, rather than the technique using the Deschamps 
ligature carrier, in which the needle tip is passed superiorly 
toward the vasculature. If severe bleeding occurs in the area 
around the coccygeus muscle, we recommend initially pack- 
ing the area. If this does not control the bleeding, then visu- 
alization, attempted ligation with clips or sutures, and use of 
thrombin products should be performed. This area is diffi- 
cult to approach transabdominally or with selective emboli- 
zation, so bleeding should be controlled vaginally, if possible. 

Moderate to severe buttock pain on the side on which 
the sacrospinous suspension was performed can occur; this 
also has been reported after high uterosacral suspension. 
This is probably caused by compression or injury of a small 
nerve that runs through the C-SSL or, in cases of uterosac- 
ral ligament colpopexy, the sacral plexus (Siddique et al., 
2006). The buttock pain is almost always self-limiting and 
should resolve completely by 6 weeks postoperatively. Reas- 
surance and anti-inflammatory agents usually are all that are 
necessary. Because of the close proximity of the pudendal 
nerves (and vessels) lateral to the C-SSL, the potential for 
injury is present, so dissection and suturing should avoid the 
ischial spine. If pudendal nerve injury occurs with postop- 
erative symptoms of unilateral vulvar pain and/or numb- 
ness, immediate reoperation with removal of the offending 
suture material may be necessary. 

Rectal examination should be performed frequently dur- 
ing all transvaginal repairs because of the close proximity 
of the rectum to vaginal dissection and colpopexy sutures. 
Rectal injury can occur when entering of the perirectal space 
as well as during mobilization of tissue off of the C-SSL. Ifa 
rectal injury is identified, it can usually be repaired primar- 
ily transvaginally by conventional techniques. Small-bowel 
obstruction (SBO) also has been reported after transvaginal 
colpopexy but is rare. 

Vaginal stenosis and dyspareunia can occur if too much 
anterior and posterior vaginal wall tissue is trimmed, if the 
vagina is left too short, or if a tight posterior colporrhaphy 
is performed. We recommend postoperative use of estrogen 
vaginal cream and vaginal dilators in these patients in the hope 
of preventing or decreasing the incidence of this problem. 


Transvaginal Mesh Procedures 


In 2004, prepackaged kits to place mesh transvaginally were 
introduced. Most kits use trocars to attach bilaterally mesh 
or a graft to the arcus tendineus fasciae pelvis or sacrospi- 
nous ligaments. With bilateral attachments, these grafts 
create a hammock that supports the apex and anterior or 
posterior walls, depending on placement. The goals of these 
procedures are to decrease the rate of recurrent prolapse by 
adding a graft to bolster native tissue and to decrease compli- 
cations by avoiding intra-abdominal surgery. Upon introduc- 
tion into the market, there were many different brands and 
types of graft kits, yet data for specific prototypes were few. 


Given the relatively recent introduction of these proce- 
dures, case series and retrospective trials outnumber ran- 
domized controlled trials, and the available randomized 
controlled trials have shorter-term follow-up. Few studies 
have specifically addressed vaginal apex prolapse, and most 
data detail outcomes after mesh-augmented repair of the 
anterior vaginal wall. The largest randomized controlled trial 
to date comparing anterior colporrhaphy to an anterior mesh 
kit demonstrated that, compared to anterior colporrhaphy, 
the use of an anterior mesh kit results in improved 1-year 
objective and subjective outcomes but higher rates of surgical 
complications and postoperative adverse events, including 
mesh exposure and de novo stress urinary incontinence. An 
updated Cochrane review of the subject reviewed outcomes 
of 5954 women and revealed that native tissue anterior repair 
was associated with more anterior compartment failures than 
polypropylene mesh repair as an overlay or armed transobtu- 
rator mesh kit, but there were no differences in subjective 
outcomes, quality-of-life data, or rates of de novo dyspareu- 
nia, stress urinary incontinence, or reoperation rates for pro- 
lapse or incontinence between groups (Maher et al., 2013). 

In addition to the complications inherent to all trans- 
vaginal prolapse repairs, unique complications related to the 
mesh or trocars can occur. Mesh-related functional com- 
plications such as chronic pelvic pain, leg and groin pain, 
vaginal pain, and dyspareunia have all been reported. A 
systematic review that evaluated complications and reop- 
erations after vaginal apex surgical repair demonstrated that 
the overall rate of reoperation (for complications and for 
recurrent prolapse) is highest after transvaginal mesh repair 
(Diwadkar et al., 2009). Exposure of mesh through the vag- 
inal epithelium is one of the most common complications; 
the Cochrane review reported an overall erosion rate of 10% 
(Maher et al., 2013). At least half of mesh exposures are 
symptomatic and require reoperation for treatment. 

Because of the type of U.S. Food and Drug Administra- 
tion (FDA) approval transvaginal mesh kits received, the 
high number of complications encountered in a relatively 
short time, and the lack of superior clinically significant pro- 
lapse symptom outcomes, the FDA issued a Public Health 
Notice in 2008 and a Safety Communication in 2011. These 
documents state that “serious complications associated 
with surgical mesh for transvaginal repair of (pelvic organ 
prolapse) are not rare” and “it is not clear that transvaginal 
(pelvic organ prolapse) repair with mesh is more effective 
than traditional non-mesh repair” and make recommenda- 
tions for physicians (Box 25.2). The FDA has reclassified 
how these procedure kits will be approved for use and is 
requiring additional outcome data before approval. Given 
the uncertain future of transvaginal mesh and the variety of 
brands and techniques available, we do not describe a spe- 
cific technique here. 

Many experts believe that a role for transvaginal mesh 
exists given the risk of recurrent prolapse after native tissue 
repairs. The American College of Obstetrics and Gynecol- 
ogy and the American Urogynecology Society recommend 
the following (ACOG No. 513, 2011): 

e Pelvic organ prolapse vaginal mesh repair should be 
reserved for high-risk individuals in whom the benefit 
of mesh placement may justify the risk, such as indi- 
viduals with recurrent prolapse (particularly of the 
anterior compartment) or with medical comorbidities 


TRAINING 


e Obtain specialized training for each mesh placement 
technique. 
e Be aware of the risks of surgical mesh. 


PATIENT SELECTION 

e Recognize that, in most cases, pelvic organ prolapse can 
be treated successfully without mesh, thus avoiding the 
risk of mesh-related complications. 

e Choose mesh surgery only after weighing the risks and 
benefits of surgery with mesh versus all surgical and non- 
surgical alternatives. 

e Consider these factors before placing surgical mesh: 

e Recognize that, in most cases, prolapse can be treated 
successfully without mesh. 

e Surgical mesh is a permanent implant that may make 
future surgical repair more challenging. 

e Having a mesh surgery may put the patient at risk 
for requiring additional surgery or developing new 
complications. 

e Removal of mesh because of mesh complications may 
involve multiple surgeries and significantly impair the 
patient’s quality of life. Complete removal of mesh may 
not be possible and may not result in complete resolu- 
tion of complications, including pain. 

e Mesh placed abdominally for prolapse repair may result 
in lower rates of mesh complications compared with 
transvaginal prolapse surgery with mesh. 


INFORMING THE PATIENT 

e Inform patients that implantation of surgical mesh is per- 
manent and that some complications associated with the 
implanted mesh may require additional surgery that may 
or may not correct the complication. 

e Inform patients about the potential for serious complica- 
tions and their effect on quality of life, including pain 
during sexual intercourse, scarring, and narrowing of the 
vaginal wall after prolapse repair. 

e Inform the patient about the benefits and risks of nonsur- 
gical options, nonmesh surgery, and surgical mesh placed 
abdominally and the likely success of these alternatives 
compared with transvaginal surgery with mesh. 

e Notify the patient if mesh will be used in her prolapse 
surgery and provide the patient with information about 
the specific product used. 

e Ensure that the patient understands the postoperative risks 
and complications of mesh surgery as well as limited data 
about long-term outcome. 

e Provide patients with a copy of the patient labeling from 
the surgical mesh manufacturer, if available. 


From U.S. Food and Drug Administration. Available at: http://www.fda.gov/Medi 
calDevices/Safety/AlertsandNotices/ucm262435.htm. 


that preclude more invasive and lengthier open and 
endoscopic procedures. 

e Surgeons placing vaginal mesh should undergo train- 
ing specific to each device and have experience with 
reconstructive surgical procedures and a thorough 
understanding of pelvic anatomy. 

e Compared with existing mesh products and devices, 
new products should not be assumed to have equal or 
improved safety and efficacy unless long-term clinical 
data are available. 
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e Patients should provide their informed consent after 
reviewing the risks and benefits of the procedure and 
after discussing alternative repairs. 

Long-term outcome data after mesh-augmented and 
native tissue vaginal repairs are lacking, and what data are 
available demonstrate the need for improved outcomes 
and fewer complications. This can only be achieved with 
adequately powered randomized controlled trials with long- 
term outcomes that include prolapse symptoms, as well as 
anatomic and functional outcomes. 


Abdominal Procedures to Correct 
Enterocele and Suspend the 
Vaginal Apex 

Techniques 


Abdominal Enterocele Repairs 


Three techniques of abdominal enterocele repair have been 
described: Moschcowitz and Halban procedures and the 
uterosacral ligament plication. The Moschcowitz procedure 
is performed by placing concentric purse-string sutures 
around the cul-de-sac to include the posterior vaginal wall, 
the right pelvic side wall, the serosa of the sigmoid, and 
the left pelvic side wall (Fig. 25.13A). The initial suture is 
placed at the base of the cul-de-sac. Usually, three or four 
sutures completely obliterate the cul-de-sac. The purse- 
string sutures are tied so that there remain no small defects 
that could entrap small bowel or lead to enterocele recur- 
rence. Care should be taken not to include the ureter in 
the purse-string sutures or to allow the ureter to be kinked 
medially when tying the sutures. 

Halban described a technique to obliterate the cul-de- 
sac using sutures placed sagittally between the uterosacral 
ligaments. Four or five sutures are placed sequentially in a 
longitudinal fashion through the serosa of the sigmoid, into 
the deep peritoneum of the cul-de-sac, and up the posterior 
vaginal wall (Fig. 25.13B). The sutures are tied, obliterating 
the cul-de-sac. Transverse plication of the uterosacral liga- 
ments can be used to obliterate the cul-de-sac (Fig. 25.13C). 
Three to five sutures are placed into the medial portion of one 
uterosacral ligament, into the back wall of the vagina, and into 
the medial portion of the opposite uterosacral ligament. The 
lowest suture incorporates the anterior rectal serosa to bring 
the rectum adjacent to the uterosacral ligaments and vagina. 
Care must be taken to avoid entrapping or kinking the ureter. 
Relaxing incisions can be made in the peritoneum lateral to 
the uterosacral ligaments to release the ureters, if necessary. 


Abdominal Sacral Colpopexy 


Abdominal sacral colpopexy can be performed through a 
laparotomy or by laparoscopy or robot-assisted laparoscopy 
(see Chapter 21). Although the surgical approach may be 
different, the steps of the procedure should remain the 
same. Sacral colpopexy, which is suspension of the vagina to 
the sacral promontory using a bridging graft via the abdomi- 
nal approach, is an effective treatment for uterovaginal 
and vaginal apex prolapse. Many different materials have 
been used as a graft in sacral colpopexy, including biologic 
materials (fascia lata, rectus fascia, dura mater) and syn- 
thetic materials (polypropylene mesh, polyester fiber mesh, 
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FIGURE 25.13 Techniques of enterocele repair via the abdominal route. A, Moschcowitz procedure. B, Halban procedure. C, Uterosacral 


ligament plication. 


polytetrafluorethylene mesh, Dacron mesh, and Silastic sili- 
cone rubber). Large-pore, light-weight polypropylene mesh 
is most commonly used and likely causes fewer complica- 
tions compared with other synthetics because of its mono- 
filament and macroporous characteristics. 

A randomized trial comparing objective anatomic out- 
comes after sacral colpopexy performed with cadaveric fas- 
cia lata and polypropylene mesh noted polypropylene mesh 
was superior to fascia lata in terms of pelvic organ prolapse 
quantification points and stage and objective anatomic fail- 
ure rates at 1 and 5 years after surgery (Culligan et al., 2005; 
Tate et al., 2011). The technique of abdominal sacral colpo- 
pexy using graft placement is as follows. 

1. The patient should be placed in low lithotomy posi- 
tion using Allen stirrups so that the surgeon has digital 
access to the vagina during the operation. A sponge 
stick or end-to-end anastomosis (EEA) sizer can be 
placed in the vagina for manipulation of the apex. A 
Foley catheter is placed into the bladder for drainage. 


. Intraperitoneal access is gained using either an open 


incision or laparoscopic or robotic cannula place- 
ment. Small bowel is placed or packed into the 
upper abdomen, and the sigmoid colon is deviated to 
the left pelvis as much as possible. The entire course 
of the ureters is identified bilaterally. Elevation of 
the vaginally placed EEA sizer nicely identifies the 
prolapsed vaginal vault (Fig. 25.14A). 


. Attention is turned to the sacrum. The aortic bifurca- 


tion, the common and internal iliac vessels, the sig- 
moid colon, and the right ureter are identified so that 
these structures can be avoided (see Fig. 25.14B). 
The left common iliac vein is medial to the left com- 
mon iliac artery and is particularly vulnerable to dam- 
age during this procedure. A longitudinal incision is 
made in the peritoneum over the sacral promontory. 


. The bony sacral promontory and anterior longitudi- 


nal ligament are directly visualized for approximately 
4 cm using blunt and sharp dissection through the 
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Gynecol. 2013;121(2 pt 1):354.) 
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subperitoneal fat. Special care should be taken to 
avoid the delicate plexus of presacral veins that often 
are present, especially as one dissects more caudally. 
The middle sacral artery and vein should be identi- 
fied (Fig. 25.14B) and avoided. 

. Blunt and sharp dissection of the peritoneum and 
subperitoneal fat caudally may be used to create a 
subperitoneal tunnel into the full depth of the cul- 
de-sac so that the graft can be covered with perito- 
neum after attaching it to the sacrum. Alternatively, 
the incision over the sacral promontory can be 
sharply extended toward the vaginal apex. During 
these processes, the rectum and right ureter are visu- 
alized at all times and the course of the dissection is 
located between these structures. 

. The vagina is elevated cephalad using a sponge stick 
or EEA sizer, and the peritoneum over the vaginal 
apex is incised transversely; the bladder is sharply 
dissected from the anterior vaginal wall for approxi- 
mately 4 cm or until the entire defect is exposed 
(Fig. 25.14A). If this plane is difficult to establish, 
the bladder can be retrograde filled with fluid to 
delineate its border. 

. The peritoneum over the posterior vaginal wall into 
the cul-de-sac is incised and dissected for 4 to 6 cm 
or until the entire defect is exposed. If it is difficult 
to delineate the rectum, a second EEA sizer can be 
placed in the rectum. Manipulating the EEA sizers in 
the vagina and rectum so that the tips are apart can 
define the rectovaginal septum. This may assist in 
finding the alveolar tissue, which is easiest and saf- 
est to dissect. Some experts recommend dissecting 
to the perineal body. We prefer to reserve this for 
women with rectal prolapse or severe defecatory 
dysfunction because a permanent graft in the distal 


vagina can be problematic and does not increase 
symptomatic improvement for the average patient. 
We routinely evaluate the distal posterior vagina 
after sacral colpopexy and use a native tissue repair 
if indicated. 

8. A graft is prepared. We recommend a light-weight 
polypropylene mesh. If this comes in a sheet, two 
strips measuring 4 xX 15 cm can be created. Alter- 
natively, a prefabricated “Y mesh” can be used. The 
graft is attached to the posterior vaginal wall with 5 
to 8 nonabsorbable No. 0 or 2-0 sutures 1 to 2 cm 
apart. Sutures are placed through the full fibromus- 
cular thickness of the vagina but not into the vaginal 
epithelium. The graft should extend approximately 
halfway down the length of the posterior vaginal wall 
(Figs. 25.14C and 25.15). 

9. A second piece of graft is attached to the proximal 
anterior vaginal wall in a similar fashion. Delayed 
absorbable sutures are used for the most distal 
stitches on this compartment given the proximity 
to the bladder and the potential for suture erosion 
(Figs. 25.14C and 25.15). 

10. The vagina is elevated with the EEA sizer and devi- 
ated toward the sacral promontory. The appropriate 
amount of vaginal elevation should provide gentle 
tension without undue traction on the vagina. The 
graft should be trimmed to the appropriate length. 
Using a stiff but small half-curved tapered needle 
with a permanent No. 0 suture, 2 to 4 sutures are 
used to attach the mesh to the anterior longitudinal 
ligament of the sacrum (Fig. 25.15). 

11. The peritoneum then is closed over the exposed 
graft with absorbable sutures (Fig. 25.14D). 

12. Ananticontinence procedure, if planned, is performed. 
Cystoscopy is performed after the administration of 
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indigo carmine to evaluate bladder integrity and to 
verify ureteral patency. 

13. Posterior colporrhaphy, perineoplasty, and, rarely, 
anterior colporrhaphy are performed as needed to 
treat any remaining vaginal defect. 


Outcomes 


A review of abdominal sacral colpopexy noted the success 
rate, when defined as lack of apical prolapse postopera- 
tively, ranged from 78% to 100% (Nygaard et al., 2004). 
The median reoperation rates for pelvic organ prolapse and 
for stress urinary incontinence in the studies that reported 
these outcomes were 4.4% (range 0-18.2%) and 4.9% 
(range 1.2-30.9%), respectively. A randomized controlled 
trial of sacral colpopexy with and without concomitant 
Burch colposuspension had reassuring anatomic outcomes 
at 2-year follow-up: 95% of subjects had excellent objec- 
tive outcomes for the vaginal apex (within 2 cm of total 
vaginal length), 2% of subjects demonstrated stage III 
prolapse, and 3% of subjects underwent reoperation for 
prolapse (Brubaker et al., 2008). These subjects also dem- 
onstrated improved urinary, defecatory, and sexual func- 
tion based on validated questionnaires. However, Nygaard 
et al. (2013) recently reported long-term follow-up of 
these patients, noting a significant increase in the rate of 
recurrent prolapse. Using a parametric survival model, the 
rate of recurrent prolapse for the urethropexy group and 
the no urethropexy group were 27% and 22%, respectively, 
when an anatomic definition of recurrence was used; 29% 
and 24% if a symptomatic definition of recurrence was 
used; and 48% and 34% if a composite definition for recur- 
rence was used. 

A long-term study in which patients who had under- 
gone sacral colpopexy at least 10 years earlier were con- 
tacted and asked about prolapse symptoms and reoperations 
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FIGURE 25.15 Lateral view of completed sacral colpopexy with graft 
attaching the anterior and posterior vagina to the sacral promon- 
tory. (Illustration by Ross Papalardo. Reprinted with permission, Cleve- 
land Clinic Center for Medical Art and Photography © 2012-2013. All 
rights reserved. From Walters MD, Ridgeway BM. Surgical treatment of 
vaginal apex prolapse. Obstet Gynecol. 2013;121(2 pt 1):354.) 


demonstrated that even graft-augmented repairs deteriorate 
over time. At an average of 14 years’ follow-up, sacral col- 
popexy had a 26% failure rate based on reoperation (10.5%) 
and prolapse symptoms (16%) (Hilger et al., 2003). Based 
on three randomized trials, a Cochrane review showed that 
abdominal sacral colpopexy had a lower rate of recurrent 
apical prolapse and less postoperative dyspareunia, but lon- 
ger operating time and higher cost, compared with sacrospi- 
nous ligament colpopexy (Maher et al., 2013). 


Avoiding and Managing Complications 


Intraoperative complications during sacral colpopexy are 
uncommon but can be life-threatening. Most complications 
reported after sacral colpopexy tend to be similar to those 
of other abdominal operations, including hemorrhage, 
enterotomy, ureteral damage, cystotomy, proctotomy, 
and extrafascial wound infections. Post-site complications 
unique to operative laparoscopy and robotic surgery also 
can occur. Life-threatening bleeding from the presacral 
space is one of the most feared complications of sacral 
colpopexy. When there is bleeding from presacral ves- 
sels, hemostasis can be difficult to achieve because of the 
complex interlacing of the venous network both beneath 
and on the surface of the sacral periosteum. When these 
veins have been damaged, they can retract beneath the 
bony surface of the anterior sacrum and recede into the 
underlying channels of cancellous bone. Communications 
with adjacent pelvic veins, especially the left common iliac 
vein, can be particularly troublesome. Packing the presa- 
cral space may control bleeding temporarily, but it often 
recurs when the pack is removed, and packing may further 
lacerate delicate veins. Sutures, metallic clips, cautery, 
and bone wax should be used initially. If these measures 
are not successful, sterilized stainless steel thumbtacks 
can be placed on the retracted bleeding presacral vein to 
treat life-threatening hemorrhage that has not responded 
to other measures. 

Longer-term postoperative complications include SBO, 
hernia, and erosion of implanted materials. The median rate 
of SBO requiring surgery has been reported as 1.1% (range 
0.6-8.6%), which is similar to the rate of SBO encountered 
in prospective studies. Though rare, nerve injuries and sacral 
osteomyelitis have been reported (Nygaard et al., 2004). 

The most common long-term complication is erosion of 
synthetic mesh or suture through the vagina, which occurs 
in 6% of cases at 2-year follow-up (Brubaker et al., 2008) 
and was noted to increase to 10.5% at 7 year follow-up 
(Nygaard et al., 2013). Cigarette smoking and concurrent 
hysterectomy each increase the risk of mesh erosion by an 
odds ratio of five (Cundiff et al., 2008). When mesh ero- 
sions are encountered, conservative treatment with vaginal 
estrogen should be a first-line treatment. If the patient is 
asymptomatic, observation can be considered. However, 
most patients with this complication require partial removal 
of the mesh and closure of the defect in the vagina. 


Conclusion 


To date, there is incomplete evidence on which to base 
the decision about which surgery to perform for advanced 
uterovaginal or post-hysterectomy vaginal apex prolapse. 


There are three randomized controlled trials comparing 
abdominal sacral colpopexy to sacrospinous ligament sus- 
pension (Benson et al., 1996; Lo and Wang, 1998; Maher 
et al., 2004), which have varying definitions of surgical suc- 
cess. A Cochrane Database review (Maher et al., 2013) 
noted abdominal sacral colpopexy was associated with 
lower rates of recurrent apical prolapse and dyspareunia 
than vaginal sacrospinous colpopexy. These benefits must 
be balanced against a longer operating time, longer time to 
return to activities of daily living, and increased cost of the 
abdominal approach. These studies also did not account for 
issues—both favorable and unfavorable—of laparoscopic or 
robotic access in sacral colpopexy. 

The surgical approach to prolapse repair can vary, and 
several choices may be appropriate for any specific patient. 
Extent and type of prolapse, surgical history, concurrent 
pathology (e.g., ovarian mass, rectal prolapse), age, health 
status, sexual issues, surgeon experience, and patient pref- 
erence are important to consider when making this decision. 
Individual surgeon experience, especially for vaginal, laparo- 
scopic, and robotic surgery, is an important predictor of suc- 
cessful outcome. For example, performance of laparoscopic 
hysterectomy by experienced high-volume surgeons at high- 
volume hospitals is associated with less blood loss, fewer 
adverse events, and lower costs (Wallenstein et al., 2012). 
Regarding the recent increase in the use of robots to assist 
in prolapse surgery, it is often done based on physician pref- 
erence, even though only preliminary data support its use. 

Special surgical considerations related to the patient’s 
preferences occasionally influence the route of prolapse 
surgery. Within reason, an informed patient may influence 
the route and type of prolapse surgery by preferring one 
over another after careful consideration of the advantages 
and disadvantages of each type of repair. The surgeon could 
then use this information during the consent process to 
agree with the patient on the best route of surgery for her 
particular disease and circumstances. 

The increased prevalence of prolapse also is probably a 
result of inadequate recognition and repair of pelvic organ 
support defects when pelvic surgery has already been per- 
formed. The standard use of cul-de-sac obliteration and 
uterosacral ligament suspension to provide appropriate sup- 
port of the vaginal apex at the time of hysterectomy for other 
indications would most likely decrease the incidence of later 
enterocele and post-hysterectomy vaginal apex prolapse. 

Efforts to decrease recurrences after prolapse surgeries 
are paramount to improving patient care. We suggest using 
transvaginal apical repairs for older patients, those with pri- 
mary and less severe prolapse, and those with comorbidities 
that might increase surgical risk. Younger women, those with 
more severe prolapse or recurrences after vaginal surgery, 
and women with prolapsed, short vaginas might benefit from 
sacral colpopexy with mesh, preferably through a minimally 
invasive route. The use of hysterectomy during prolapse 
surgery is not always necessary, and attitudes about this are 
changing slowly among patients and surgeons. Consideration 
of hysteropexy procedures is reasonable after reviewing the 
pros and cons of this surgery with the patient. This is dis- 
cussed in detail in Chapter 26. If the patient is older and 
no longer sexually active and does not desire to have vaginal 
intercourse in the future, a vaginal obliterative procedure 
(see Chapter 27) may be appropriate and is very effective. 


CHAPTER 25 Surgical Treatment of Vaginal Apex Prolapse 379 


More education and research into the understanding 
of the anatomy of pelvic support and the pathogenesis of 
prolapse, and of the principles of pelvic and vaginal recon- 
structive surgery, are needed to improve care for all affected 
women. More high-quality comparative surgical trials are 
greatly needed, as is more information about the pros and 
cons of surgical innovations such as vaginal grafts and the 
use of surgical robots. 
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Introduction 


Uterine prolapse is a common disorder in women. It rep- 
resents the third leading cause of hysterectomy for benign 
disease and is responsible for approximately 70,000 hysterec- 
tomies annually in the United States. Traditionally, operations 
to treat uterine and uterovaginal prolapse include a hyster- 
ectomy to initiate the surgery even when no specific uterine 
disease is present. It remains unknown whether the addition 
of hysterectomy to prolapse surgery is integral to the effective 
cure of this condition and few randomized clinical trials of 
hysterectomy versus no hysterectomy have been done. 

The surgical treatment of uterovaginal prolapse using uter- 
ine-sparing techniques dates back to the late 1800s and has 
evolved from vaginal procedures using native tissue to pre- 
packaged mesh kits and laparoscopic and robotic procedures 
using polypropylene mesh. Although many of these opera- 
tions use the same techniques and principles as those used 
to treat vaginal vault prolapse, the outcome data are fewer 
and direct comparisons are lacking. As the interest in uterine 
conservation among patients and physicians is growing world- 
wide, the objective of this chapter is to review and summarize 
the medical literature describing the role of uterine preserva- 
tion during the surgical management of uterovaginal prolapse. 


Historical Perspective 


The origins of the vaginal hysteropexy date back to the 
late 1800s when techniques were developed to treat uter- 
ine retroversion. Initial accounts describe a procedure that 
began with excision of the anterior lip of the cervix followed 
by dissection of the bladder from the uterus. The uterine 
fundus was delivered through the anterior cul-de-sac and 
the anterior surface of the uterine fundus was then sutured 
to the anterior wall of the vagina. Various modifications to 
this technique were made, including blind suturing of the 
fundus to the anterior vaginal wall, although no modifica- 
tion obtained published endorsement. Despite this, vaginal 
fixation of the uterus had taken hold and outcomes were 
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endorsed by Mackenrodt’s numerous publications and a 
comprehensive report by Duhrssen (1894) detailing 207 
operations. These techniques were later translated into 
treatment for vesicovaginal fistula (using the fundus as a 
plug) and later, in 1896, as treatment for prolapse. 

In 1899, Thomas Watkins, M.D., was the first to publish 
descriptions of the interposition operation as it is known. The 
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uterus was separated from the vagina using a circumferential 
incision and the bladder was separated from the uterus using 
blunt dissection. Once anterior colpotomy was achieved, the 
fundus of the uterus was grasped and anteverted through 
this defect. Approximately 2 in of the upper portion of the 
anterior vaginal wall was sutured to the fundus. The poste- 
rior vaginal wall was opened from the cervix downward for 
approximately 1 in so as to allow the cervix to be displaced 
upward and backward. Once this was achieved, the incision 
was then closed. Although no outcomes, with the exception 
of one patient, were described, this procedure was quite pop- 
ular during the early twentieth century. However, as concerns 
developed regarding potential pregnancy in younger patients 
and difficult endometrial access in the older patients, the 
interposition operation gradually became less popular and 
was largely supplanted by the Manchester procedure. 

The Manchester procedure was first performed in 1888 
by Dr. Archibald Donald of Manchester, England, with sev- 
eral modifications introduced by Dr. WE. Fothergill. The 
procedure was first described for uterovaginal prolapse in 
patients with cervical elongation and intact uterosacral-car- 
dinal ligaments. This procedure begins by making a circum- 
ferential incision around the cervix, dissecting the vaginal 
epithelium similar to the first steps of vaginal hysterectomy, 
and clamping and transecting the cardinal ligaments bilat- 
erally. The elongated cervix is then amputated, and the 
remaining cervix is retracted downward and the cardinal 
ligament pedicles are sutured to the anterior aspect of the 
cervix. This serves to retract the cervix posteriorly and ele- 
vates the uterus anteriorly. The transformation zone is then 
recreated with the invagination of vaginal epithelium into 
the cervical os. 

The largest study on the Manchester procedure (and hys- 
teropexy) was published by Conger and Keettel (1958) and 
reported on 960 patients who underwent the Manchester 
procedure. Based on a review of the medical records and 
mailed questionnaires with a 52% response rate, the prolapse 
recurrence rate was noted to be 4.3%. Other studies note a 
reoperation rate of 21%, including reoperation for prolapse, 
abnormal bleeding, and cervical carcinoma. More recent data 
include a retrospective chart review by Thomas et al. (1995) 
that compared the outcomes of 88 consecutive Manches- 
ter procedures to the outcomes of 105 randomly selected 
patients who underwent vaginal hysterectomy and anterior 
and posterior repair as indicated. The Manchester group 
was older and had worse uterovaginal prolapse compared 
to the hysterectomy group. The Manchester procedure was 
noted to be quicker (30 min shorter) and have less blood loss 
(200 versus 300 mL). Follow-up consisted of questionnaires 
mailed to the surgeons who performed the operations. With 
a mean follow-up of 2.5 years, and a 76% response rate, only 
6% of patients were noted to have recurrent prolapse after 
the Manchester procedure with time to recurrence ranging 
from 8 weeks to 5.5 years. Comparative follow-up data for 
the vaginal hysterectomy group were not reported. Data from 
these studies are the only data available on the Manchester 
procedure; however, the retrospective nature, undefined 
outcomes, lack of appropriate control group, and surgeon- 
reported outcomes are subject to much bias. Despite these 
issues, the Manchester procedure remains one option to 
treat uterovaginal prolapse without requiring hysterectomy. 
In fact, a recent case report by Skiadas et al. (2006) describes 


a 22 year old nulligravida with a history of myelomeningo- 
cele at birth who presented with recurrent uterovaginal pro- 
lapse after failing laparoscopic uterosacropexy. Although no 
follow-up is available, the immediate postoperative results 
were considered successful. 

Complications related to the Manchester procedure 
need to be taken in context of when the procedures were 
performed. In the series describing 960 patients, the pro- 
cedures were performed from 1936 to 1955 and report 
the following complications: cystotomy and proctotomy 
<0.5%, blood transfusion 20%, febrile morbidity 63%, 
urinary retention 15.2%, and mortality 0.7%. Clearly, the 
high rates of some complications are related more to the 
medical and surgical practices of the era as opposed to the 
Manchester procedure. In another series, complications 
were not noted to be significantly different when compared 
to vaginal hysterectomy with anterior and posterior repair 
with the exception of decreased cuff abscess and cellulitis 
in the Manchester procedure. Other complications noted 
in these series include abnormal uterine bleeding and carci- 
noma, both of which are of concern for all uterine-sparing 
procedures. Furthermore, cervical amputation is related to 
infertility, miscarriage, and pre-term delivery. Tipton and 
Atkin (1970) specifically examined uterine disease 6 to 
12 years after the Manchester procedure in 82 patients, 
finding that 35% of women complained of menorrhagia 
and dysmenorrhea, over half of which required treatment. 
Additionally, 2.4% of patients developed adenocarcinoma 
of the uterus, and 4% of patients experienced unplanned 
pregnancies. Interestingly, 27% of patients stated that 
they would have welcomed hysterectomy at the time of 
the operation and many patients stated that contracep- 
tion was unsatisfactory. Vaginal hysterectomy has become 
more popular since that time as antibiotics and improved 
surgical technique have led to decreased morbidity and 
mortality related to pelvic reconstructive surgery. In the 
twenty-first century, there are few patients who are ideal 
candidates for the Manchester procedure, given the appar- 
ently acceptable outcomes and morbidity data for other 
approaches to hysteropexy, as well as hysterectomy with 
vault suspension. 

In the 1950s, as the abdominal approach to hysterectomy 
became popular, cases describing an abdominal approach to 
hysteropexy were published. Sacrocervicopexy was first 
described by Stoesser (1955) as the attachment of a band 
of external oblique fascia from the cervix to the sacral peri- 
osteum. The case series of 22 patients reported “good” 
results, but provided limited information on methodol- 
ogy and results obtained. A combined vaginal-abdominal 
procedure targeting both uterovaginal prolapse and stress 
urinary incontinence was described by Nesbitt (1989) in a 
case series of 16 patients. The procedure involves vaginal 
mobilization of the bladder neck, periurethral tissue, uter- 
ine isthmus, and uterosacral-cardinal ligament complex, fol- 
lowed by a Moschcowitz culdoplasty, and transabdominal 
suspension of the periurethral endopelvic fascia and utero- 
sacral ligaments to Cooper’s ligament. There were no com- 
plications or failures noted at a follow-up interval of over 
5 years, although the study was limited by its size and lack 
of control group. Joshi (1993) published a case series of 20 
patients who underwent a transabdominal Cooper’s liga- 
ment uterine suspension using mersilene tape. There were 
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no complications reported, nor were there any cases of 
recurrent prolapse. However, the follow-up was limited to a 
range of 6 to 30 months and the exact postoperative exami- 
nation findings were not described. Notably, seven women 
conceived within 6 months of the operation, five of whom 
delivered vaginally at term. Currently, these procedures are 
no longer routinely used for uterine preservation and have 
been replaced by uterosacral ligament fixation or sacrohys- 
teropexy using polypropylene mesh. 


Considerations for Uterine Preservation 


With the advent of antibiotics and improved surgical tech- 
niques, the morbidity and mortality related to hysterectomy 
were greatly reduced, which led to increased hysterectomy 
rates in the later part of the twentieth century. Additionally, 
hysterectomy was considered favorable given the poten- 
tial to reduce endometrial and cervical cancer risks. Since 
that time, improved conservative treatment for abnormal 
bleeding, symptomatic leiomyoma, effective strategies for 
cervical cancer screening, the human papillomavirus (HPV) 
vaccine, and an emphasis on quality of life has led to physi- 
cians and patients to modify their thoughts on the role of 
hysterectomy. Please see Box 26.1 for perceived and studied 
advantages and disadvantages of uterine-preservation at the 
time of prolapse surgery. 


Patient Interest 


A study by Frick et al. (2013), investigated attitudes toward 
hysterectomy in women undergoing evaluation for utero- 
vaginal prolapse. Patients who were scheduled for evalua- 
tion were sent a questionnaire in the mail that queried their 
perceptions of the impact of hysterectomy on health, social 
life, and emotional well-being. It also presented hypotheti- 
cal situations. Of 100 women, 60% indicated they would 
decline a hysterectomy if presented with an equally effica- 
cious alternative to a hysterectomy-based prolapse repair. In 
a scenario in which the prolapse repair after hysterectomy 


Advantages 


Reduction in surgical time 
and blood loss 

Maintenance of fertility 

Natural menopausal timing 

Avoidance of an unnecessary 
procedure 

Perceived role of the uterus 
and cervix in pelvic stability 
and sexual satisfaction 

Less invasive 

Association with a quicker 
recovery 

Decreased risk of mesh 
exposure 

Similar short-term outcomes 

Patient preference 


Disadvantages 


Fewer surgical outcome data 
available 

Maintenance of fertility 

Small, ongoing risk for cervical 
or endometrial cancer 

Subsequent hysterectomy may 
be difficult 

Continuation of menses 

Ongoing surveillance of cervix 
and endometrium (which 
may be difficult) 

Colpopexy may be easier for 
surgeon after hysterectomy 


was considered “probably more successful,” 54% preferred 
a hysterectomy if it offered any benefit, whereas 32% 
desired hysterectomy for “substantial benefit” and 14% did 
not desire hysterectomy in this situation. Those patients 
who were younger and were considered active decision- 
makers were more likely to decline hysterectomy. Addi- 
tionally, those with family and friends who had a negative 
experience after hysterectomy were more likely to decline 
a hysterectomy-based procedure. 

This perception of hysterectomy is also gaining significant 
media attention. Although not scientific journals, well-read 
publications for the lay public, such as Health Magazine and 
the American Association of Retired People magazine, have 
recently published articles citing hysterectomy as a “surgery 
to avoid.” 

The American College of Obstetrics and Gynecol- 
ogy acknowledges the importance of patient autonomy 
and the increased access to information in a Committee 
Opinion published in 2008. Although urging that deci- 
sion-making should be guided by the ethical principles 
of respect for patient autonomy, beneficence, nonmalefi- 
cence, veracity, and justice, they recommend that it is 
important to take a broad view of the consequences of 
surgical treatment and to acknowledge the lack of firm 
evidence for the benefit of one approach over the other, 
when evidence is limited. 


Lack of Data Supporting Hysterectomy 
to Treat Prolapse 


The need for hysterectomy at the time of prolapse repair 
has never been proven. Removing the uterus fails to address 
the underlying deficiency causing prolapse. Additionally, 
removal of the uterus disrupts the uterosacral-cardinal 
ligament complex (pericervical endopelvic fascia), which 
may further weaken support. This is not a novel concept, 
as Bonney in the 1930s stated that the uterus only has a 
passive role in prolapse. Uterine preservation at the time 
of prolapse repair avoids an unnecessary procedure and 
has been associated with faster operative times and less 


blood loss. 


Role of Hysterectomy in Menopause Timing 
and Sexual Function 


There may be additional benefits to avoiding hysterectomy, 
including ovarian and sexual function. Even in women who 
undergo ovarian-sparing hysterectomies, ovarian function 
is affected. Two studies (Farquhar et al., 2005; Moorman 
et al., 2011) compared ovarian function after ovarian-spar- 
ing hysterectomies to a nonsurgical control group basing 
menopause on follicle-stimulating hormone levels greater 
or equal to 40 IU/L or higher. In these cohorts, approxi- 
mately twice as many women who underwent hysterec- 
tomy became menopausal during the 5-year study period. 
Sexual function is also often cited as a reason to avoid hys- 
terectomy. Two studies comparing sexual function after a 
hysterectomy-based or uterine-sparing prolapse repair have 
conflicting results. Jeng et al. (2005) compared sexual func- 
tion after randomizing women with uterovaginal prolapse to 
transvaginal hysterectomy or transvaginal sacrospinous uter- 
ine suspension for uterine prolapse, finding no significant 


386 PART 4 Management of Stress Urinary Incontinence and Pelvic Organ Prolapse 


Pregnancy 

Postmenopausal bleeding 

Current or recent cervical dysplasia 

Familial cancer syndrome—BRCA 1 and 2 

Hereditary nonpolyposis colonic cancer syndrome 
Tamoxifen therapy 

Uterine abnormalities 

Fibroids, adenomyosis, abnormal endometrial sampling 
Abnormal uterine bleeding 

Inability to comply with routine gynecologic surveillance 
Cervical elongation (relative contraindication) 


difference between groups in sexual scores, sexual interest, 
and orgasm frequency. Costantini et al. (2013) compared 
women who underwent hysterectomy and sacral colpopexy 
to those who underwent a uterine-sparing procedure, noting 
that although both groups had improved scores on a vali- 
dated questionnaire, the uterine-sparing group was associ- 
ated with a greater improvement. 


Unanticipated Uterine Pathology 


One concern about uterine-sparing procedures is that the 
rate of abnormal uterine pathology may be high and that 
preserving the uterus may confer an increased cancer risk to 
women. The risk of cervical carcinoma has not been studied 
in hysteropexy, but data from studies evaluating supracervi- 
cal hysterectomy can be extrapolated to hysteropexy. Even 
in studies that predated modern cytologic and viral screening 
techniques, the rate of cervical carcinoma was low (below 
0.3%). With improved cytologic and viral screening, and the 
HPV vaccine, the true number is likely to be even lower. 
Studies evaluating uterine pathology also demonstrate a low 
risk for endometrial cancer. Renganathan et al. (2010) studied 
pathologic specimens from 517 women who underwent vagi- 
nal hysterectomy for prolapse and found the rate of endome- 
trial cancer to be 0.8%. Frick et al. (2010) also evaluated the 
risk of unanticipated pathology at the time of hysterectomy 
for uterovaginal prolapse. Of 681 pathologic specimens, 2.6% 
had unanticipated premalignant or malignant uterine pathol- 
ogy, including 0.3% with low-grade cervical dysplasia, 0.8% 
with simple hyperplasia, 0.5% with complex hyperplasia, 
1.1% with complex hyperplasia with atypia, and 0.3% with 
endometrial carcinoma. Interestingly, none of the premeno- 
pausal women had premalignant or malignant pathology, even 
those with preoperative bleeding concerns. In contrast, post- 
menopausal women with abnormal bleeding had a very high 
rate (13.3%) of unanticipated endometrial pathology, even 
though all had negative diagnostic evaluations. 

Contraindications to uterine-sparing prolapse procedures 
are listed in Box 26.2. 


Vaginal Approach 


The vaginal approach to hysteropexy has a long history 
dating back to 1888. Vaginal surgery was highly prefer- 
able because of the high morbidity and mortality related to 
abdominal surgery. Furthermore, hysterectomy by any route 


added significant morbidity. The vaginal approach to surgery 
is typically associated with less operative time, less blood 
loss, faster recovery, and better cosmetics. Vaginal hystero- 
pexy using native tissue consists of four surgical procedures: 
the Watkins interposition surgery, the Manchester proce- 
dure, the transvaginal uterosacral ligament suspension/pli- 
cation, and the sacrospinous hysteropexy (Table 26.1). Of 
these procedures, the sacrospinous hysteropexy is the only 
approach that has stood the test of time. As it gains popu- 
larity, additional data are becoming available supporting 
satisfactory anatomic, subjective, and functional outcomes. 
Additionally, pre-packaged mesh prolapse kits can be used 
as another technique to correct uterovaginal prolapse with- 
out requiring hysterectomy. However, the great majority 
of these kits are no longer available because of concerns of 
mesh erosion and other complications. Although these kits 
may provide another option to treat uterovaginal prolapse, 
long-term data for the available kits are lacking and out- 
comes related specifically to hysteropexy are needed. 


Transvaginal Uterosacral Ligament 
Suspension/Plication—Techniques 
and Outcomes 


This procedure was first described in 1966 as entering the 
peritoneal cavity via a posterior colpotomy, dividing the 
uterosacral ligaments from the cervix, plicating them across 
the midline, and then reinserting them into the cervix. 
After this, a transverse incision was made at the junction 
of the bladder reflection and cervix and the cardinal liga- 
ments are plicated across the midline anteriorly, drawing the 
cervix upward. Follow-up data for this procedure are lim- 
ited and consist of one published study. This case series by 
Williams (1966) of 20 women aged 21 to 37, all of whom 
had uterovaginal prolapse at least to the introitus, noted a 
failure rate of 15.5%, all of whom were treated with vagi- 
nal hysterectomy within 6 months of the original surgery. 
Three additional patients (15%) required subsequent hyster- 
ectomy for continued vaginal bleeding. Although the length 
of follow-up is not clearly reported, six women subsequently 
had full-term pregnancies with no recurrence of prolapse. A 
more recent study by Romanzi and Tyagi (2012) compared 
100 cases of vaginal hysterectomy with uterosacral ligament 
suspension to 100 cases of uterosacral ligament hysteropexy. 
In this series, the surgeon performed a colpotomy, identi- 
fied the high uterosacral ligament, and placed two delayed- 
absorbable sutures through each ligament, attaching them to 
the posterior vaginal cuff and lower uterine wall. Culdoplasty, 
trachelorrhaphy, and concomitant repairs were performed at 
the discretion of the surgeon. Anatomic success was defined 
as < grade 2 prolapse on Baden—Walker and median follow- 
up was 1.5 years. In the hysteropexy group, apical success 
was noted to be 96%, anterior wall success was noted to be 
86.8%, and posterior wall success was noted to be 97.8%, all 
which were statistically similar to the hysterectomy group. 
Complications related to the transvaginal uterosacral 
ligament suspension/plication include genitourinary tract 
infection, pelvic cellulitis, and atonic bladder symptoms. 
The overall complication rate in the Williams study was 
20%. In this series, three patients required hysterectomies 
for abnormal uterine bleeding. In the Romanzi study, the 
complication rate was much lower (6%). In this series, three 


Table 26.1 Vaginal Approach to Hysteropexy 


Study 


Conger and 
Keettel (1958) 


Tipton and Atkin 
(1970) 


Thomas et al. 
(1995) 


Williams (1966) 


Romanzi and 
Tyagi (2012) 


Richardson et al. 
(1989) 


Kovac and 
Cruikshank 
(1993) 


Procedure 


Manchester 


Manchester 


Manchester 


Transvaginal 
uterosacral 
ligament 
suspension/ 
plication 


Transvaginal 
uterosacral 
ligament 
suspension 


Sacrospinous 
hysteropexy 
(unilateral) 

Sacrospinous 
hysteropexy 


(unilateral and 


bilateral) 


Maher et al. (2001) Sacrospinous 


hysteropexy 
(unilateral) 


Number 
of Patients 


960 


82 


88 


20 


100 


19 


34 


Study Type and Outcome Measures 


Retrospective chart review with patient 
questionnaire 
Success not defined 


Retrospective chart review with patient 
questionnaire 
Outcome measures not defined 


Retrospective chart review with patient 
questionnaire 

Surgeon questionnaire 

Comparison made to randomly selected 
TVH patients 

Retrospective chart review 

Success not defined 


Retrospective chart review 

Compared to data from 100 subjects s/p 
TVH + uterosacral ligament suspension 

Success defined as < grade 2 prolapse on 
Baden—Walker 


Retrospective chart review 
Success not defined 


Retrospective chart review 
Success not defined 


Retrospective chart review 

Comparison made to randomly selected 
TVH/sacrospinous fixation patients 

Outcomes: anatomic examination by 
blinded investigator, standardized 
questionnaires 

Objective cure defined as no prolapse 
beyond mid-vagina 


Length of 
Follow-up 


Unknown 


6-12 years 


Mean 
2.5 years 


Unknown 


Median 
1.5 years, 
range 
2.4 months 
to 10 years 


6-24 months 


Mean 
3.1 years 


Mean 
26 months 


Anatomic Cure 


Unknown 


Unknown 


94% 


85% 


Apex 96%, 
anterior 
wall 86.8%, 
posterior wall 
97.8% 


100% 


88% 


72% 


Subjective 


Cure 
95.7% 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


78% 


Comments 


Complications: Cystotomy or proctotomy 
< 0.5%, blood transfusion 20%, 
febrile morbidity 63%, urinary re- 
tention 15.2%, and mortality 0.7% 

Uterine disease: Dysmenorrhea and 
menorrhagia 35%, adenocarcino- 
ma of the uterus 2.4%, unplanned 
pregnancy 4% 

Reoperation rate: For recurrence, 
bleeding, cancer 21% 

Complications: None 

Outcomes: Operative time and EBL 
was less compared to TVH 


Complications: UTI, pelvic cellulitis, 
atonic bladder; 15% of patients re- 
quired hysterectomy for abnormal 
bleeding 

Pregnancies: 6 patients had full-term 
pregnancies with no prolapse recur- 
rence 

Complications: Hemorrhage (4%), 
pericervical dehiscence (1%), rectal 
injury (1%) 

Outcomes: No differences between 
hysteropexy and TVH + suspension 
in anatomic outcomes or complica- 
tions, 3 hysteropexy patients under- 
went TVH later for BRCA, enlarging 
fibroid, breast cancer 

Pregnancies: 1 pregnancy reported 

None 


Complications: Recognized rectal 
injury, no sequelae 

Pregnancies: 5 Patients had full-term 
pregnancies, one with prolapse 
recurrence 

Complications: Buttock pain 5% 

Pregnancies: 2 patients had full-term 
pregnancies, one with prolapse 
recurrence 


Continued on following page 
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Table 26.1 Vaginal Approach to Hysteropexy (Continued) 


Study Procedure 

Dietz et al. (2007) Sacrospinous 
hysteropexy 
(unilateral) 


van Brummen et al. 
(2003) 


Sacrospinous 
hysteropexy 
(unilateral) 


Jeng et al. (2005) Sacrospinous 
hysteropexy 


(unilateral) 


Lin et al. (2005) Sacrospinous 
hysteropexy 


(unilateral) 


Dietz et al. (2008) Sacrospinous 
hysteropexy 


(unilateral) 


Dietz et al. (2010) Sacrospinous 
hysteropexy 


(unilateral) 


Number 
of Patients 


338) 


54 


80 


60 


72 


35 


Study Type and Outcome Measures 


Postal mailing using standardized 
questionnaires 
POP-Q examination in 45% of patients 


Success < stage Il on POP-Q examination 


Retrospective chart review and mailed 
questionnaire 

Comparison made to TVH and vault 
suspension 

Success defined as < grade 2 prolapse 
on Baden-Walker 

Prospective, randomized trail 

Face-to-face questionnaire regarding 
sexual function preop and postop 


Prospective cohort 
Success defined as no uterine prolapse 


Prospective cohort 

Postop examination by independent 
investigator, validated questionnaires 

Success defined as < stage II prolapse on 
POP-Q 

Randomized controlled trial comparing 
hysteropexy to TVH and uterosacral 
ligament colpopexy (n = 31) 

Return to work and activities, complica- 


tions, anatomic outcome (apex POP-Q 


stage II-IV), validated symptom and 
quality of life questionnaires 


Length of 
Follow-up 


Mean 22.5 
months 


Mean 19.4 
months 


6 months 


5-10 years 


Mean 12.7 


months 


1 year 


Anatomic Cure 
62% on POP-Q 


89.6% 


Unknown 


85% 


78.8% 


79% 
hysteropexy; 
97% TVH 
and repair 
(p = 0.03) 


EBL, estimated blood loss; POP-Q, pelvic organ prolapse-quantification; TVH, total vaginal hysterectomy; UTI, urinary tract infection. 


Subjective 
Cure 


91.8% 


Unknown 


Unknown 


Unknown 


Unknown 


No difference 
between 
groups 


Comments 


Complications: Blood loss (>500 mL) 
8%, rectal injury 0.8%, buttock pain 
15%, buttock pain lasting greater 
than 2 weeks 4%, urinary tract 
infections 13%, urinary retention 
27%, reoperation for recurrence 
2.3% 

Outcomes: Fewer patients with urge 
incontinence (P = 0.05), faster 
recovery than TVH group, recurrence 
was similar to TVH group 


Outcomes: Sexual interest, frequency 
of sexual intercourse, sexual satis- 
faction, vaginal dryness, and dyspa- 
reunia were not different preop and 
postop and comparable to TVH 

Outcomes: Risk factors for failure iden- 
tified: 3rd degree prolapse, cervical 
elongation 

Pregnancies: 6 patients had full-term 
pregnancies 

Complications: Reoperation for bleed- 
ing 1.4%, buttock pain 6.9% 

Outcomes: Significant improvement 
on all quality of life domains (uro- 
genital, defecatory, pain) 

Complications: Ureteral kinking after 
TVH in one patient 

Outcomes: Hysteropexy group 
returned to work 23 days sooner, 
symptoms and quality of life 
outcomes were similar between 
groups. All patients with stage IV 
prolapse who underwent hystero- 
pexy recurred within 1 year 
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CHAPTER 26 Uterine Conservation for the Surgical Treatment of Uterovaginal 


women required hysterectomy for various unrelated reasons 
(breast cancer, BRCA carrier, enlarging fibroid). One preg- 
nancy was reported. 


Sacrospinous Ligament Hysteropexy— 
Techniques and Outcomes 


The sacrospinous hysteropexy is the uterine-sparing proce- 
dure using a vaginal approach, which is the best studied. 
The literature contains anatomic outcome data with a 
larger number of patients, as well as functional, reproduc- 
tive, and sexual outcomes. Data also exist on risk factors for 
failure. This procedure typically consists of performing an 
extraperitoneal dissection until the right sacrospinous liga- 
ment is identified and exposed. The right sacrospinous liga- 
ment is then attached to the posterior cervix or uterosacral 
ligaments and vagina using a combination of permanent and 
delayed absorbable sutures (Figs. 26.1 and 26.2). Placing 
suture in the sacrospinous ligament can be achieved with 
free suturing, with the aid of reusable ligature carriers, such 
as the Miyazaki hook or the Deschamps needle ligature 
carrier. Alternatively, the Capio Suture Capturing Device 


Right internal iliac artery 


A 
Bladder 
OF 


Central plication of 
pubocervical fascia 


Closure of anterior and 
posterior vaginal wall 


(Boston Scientific, Natick, MA) can be quite useful when 
placing suture into the sacrospinous ligament. In many cases, 
an anterior and/or posterior colporrhaphy are performed 
as indicated. In patients wishing to maintain fertility, this 
procedure has advantages over the Manchester procedure 
as it does not require cervical amputation, which has been 
associated with infertility, miscarriage, and pre-term birth. 
Furthermore, it may provide higher suspension compared to 
the transvaginal uterosacral ligament suspension/plication. 
Results of this procedure were first presented in a 1989 
case series by Richardson et al. Five patients ranging in age 
from 24 to 31 underwent this procedure to treat uterovagi- 
nal prolapse and had follow-up ranging from 6 to 24 months. 
No recurrences or pregnancies were reported. These data, 
however, lack descriptions of preoperative prolapse and def- 
initions of success. The first descriptions of pregnancy after 
this procedure were reported by Kovac and Cruikshank 
(1993). The authors detail 19 patients with a mean age of 
27 years with uterovaginal prolapse at least to the hymen 
with Valsalva who wished to maintain child-bearing capac- 
ity. Four patients underwent unilateral fixation of the utero- 
sacral ligaments to the right sacrospinous ligament, with the 
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FIGURE 26.1 Native tissue sacrospinous hysteropexy with the distal posterior cervix attached to the right sacrospinous ligament (SSL) and 


anterior and posterior colporrhaphy. 
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FIGURE 26.2 Lateral view of the pelvis demonstrating the relationship of sacrospinous hysteropexy suspension to vessels and nerves. 


remainder undergoing bilateral fixation. At a mean follow- 
up of 3.1 years, the majority of patients were doing well. 
Of the patients not attempting pregnancy, 11 of 12 had 
good objective results with excellent uterovaginal support. 
One patient with unilateral fixation presented with recur- 
rent prolapse 6 weeks after surgery and underwent bilat- 
eral fixation with good anatomic results. Over the 3 years, 
slight cervical descensus was generally noted; however, no 
patient had descensus past the mid-vagina. Five of the 19 
patients became pregnant with all having uncomplicated 
vaginal deliveries. Of these patients, only one noted moder- 
ate uterovaginal prolapse after her delivery and subsequent 
to a second delivery underwent vaginal hysterectomy and 
sacrospinous ligament fixation of the vaginal vault. 
Additional data using medical records, patient surveys, 
validated questionnaires, and follow-up pelvic organ pro- 
lapse-quantification (POP-Q) examinations confirm these 
positive outcomes. A study published by Dietz et al. in 2007 
describes 133 women who underwent unilateral sacrospi- 
nous hysteropexy and anterior/posterior repair as indicated. 
Ninety-nine women responded to the postal questionnaire 


and 60 followed up for detailed POP-Q examination. At a 
mean follow-up time of 22.8 months, 6% of the 133 women 
were diagnosed with recurrent uterovaginal prolapse to at 
least 1 cm above the hymen. Of women undergoing gyne- 
cologic examination with POP-Q measurements, 30% had a 
stage II cystocele, and 8% had a stage III cystocele. Of all 
patients, only three women (2.8%) required surgical treat- 
ment of recurrent prolapse. The great majority of patients 
were very satisfied with the results of the surgery, and 91% 
would recommend the procedure to other women. 

The first comparison of sacrospinous hysteropexy to 
hysterectomy with sacrospinous vaginal vault suspension by 
Maher et al. (2001) also showed promising results. Seventy 
women with uterovaginal prolapse to at least the introitus 
self-selected to hysterectomy with sacrospinous ligament 
fixation or sacrospinous hysteropexy. Although not random- 
ized, the groups were similar in regard to demographics, 
grade of vault prolapse, history of previous surgery for pro- 
lapse or incontinence, sexual activity, and length of follow- 
up. The operative time and intraoperative blood loss were 
significantly less for the hysteropexy group. Four patients 
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were lost to follow-up, seven patients had died, and three 
suffered from senile dementia. Of the 56 patients available 
for follow-up, all were evaluated by a nonsurgical author 
who was blinded to the treatment arm. Follow-up consisted 
of standardized questionnaires, site-specific vaginal exami- 
nation, and patient satisfaction using a visual analog scale. 
With a mean follow-up of 33 months for the hysterectomy 
group and 26 months for the hysteropexy group, subjec- 
tive and objective outcomes were similar between groups. 
The subjective success rate (no awareness of prolapse) was 
86% in the hysterectomy group and 78% in the hysteropexy 
group (P = 0.70), whereas the objective success rate (no 
prolapse beyond the mid-vagina) was also similar between 
groups, 72% and 74%, respectively (P = 1.00). Only two 
women became pregnant in this cohort, both delivering 
by cesarean section, with one requiring additional surgery 
for prolapse post-delivery. This study was the first to col- 
lect specific outcomes, use a blinded evaluator, and have a 
control-group, lending credibility to these findings. There 
is one randomized controlled trial by Dietz et al. (2010) 
that compares sacrospinous hysteropexy to transvaginal hys- 
terectomy and uterosacral ligament colpopexy. This study 
randomized 71 women to one of the above procedures, 
with return to activities at home and work as the primary 
outcome. They also looked at complications, anatomic out- 
comes, functional outcomes, and quality of life as second- 
ary outcomes. Women who were assigned to hysteropexy 
returned to work 23 days earlier compared to those who 
underwent hysterectomy and prolapse repair. There were 
very few complications in both groups. At 1 year, 27% of 
women who underwent hysteropexy had uterine descen- 
sus of POP-Q stage II or greater, with about half of these 
women electing repeat surgery. This was a statistically sig- 
nificant difference compared with those who underwent 
hysterectomy and prolapse repair (11%). Of women with 
stage IV prolapse who underwent hysteropexy, all recurred 
within a year. Between groups, there were no differences 
in validated questionnaires for prolapse symptoms, inconti- 
nence symptoms, and quality of life. 

Given the published success rates in case series and in 
comparison to vault suspension with hysterectomy, more 
recent studies have concentrated on functional outcomes, 
including effects on urinary symptoms and sexual func- 
tion. Postal questionnaires were sent to 103 women by 
van Brummen et al. (2003) who underwent either vaginal 
hysterectomy or sacrospinous hysteropexy and possible 
anterior and posterior colporrhaphy for greater or equal 
to grade 2 pelvic organ prolapse on the Baden—Walker sys- 
tem. The recurrence rate of grade 2 or higher vaginal pro- 
lapse was 6.7% after vaginal hysterectomy and 11.4% after 
sacrospinous hysteropexy (not significant). Recovery was 
faster (P = 0.04) and fewer patients complained of urge 
incontinence (P = 0.05) post-procedure after hysteropexy 
compared to vaginal hysterectomy. Dietz et al. (2008) pro- 
spectively followed 72 patients undergoing sacrospinous 
hysteropexy using validated questionnaires and the POP-Q 
examination preoperatively and postoperatively. At an aver- 
age follow-up of 12.7 months, 22.2% of women had recur- 
rent prolapse in one of the compartments with the great 
majority having stage II prolapse. Quality of life question- 
naires, including the Urogenital Distress Inventory, Inconti- 
nence Impact Questionnaire, and the Defecatory Distress 


Inventory demonstrated improvement in the following 
domains: all urogenital and quality of life domains, as well 
as constipation and obstructive defecation domains. Large 
effect sizes were noted on pain, genital prolapse, physical 
functioning, and emotional health. These studies provide 
additional data that demonstrate that in addition to improv- 
ing anatomic outcomes, sacrospinous hysteropexy leads to 
functional improvement and positive changes in quality of 
life. 

Given that unilateral sacrospinous hysteropexy deviates 
and somewhat changes the axis of the vagina, dyspareunia 
and sexual function are concerns. Sexual functioning was 
evaluated using face-to-face interviews after vaginal hys- 
terectomy and sacrospinous ligament hysteropexy by Jeng 
et al. (2005). Patients less than 50 years old who were sexu- 
ally active were randomly assigned to hysterectomy or sacro- 
spinous ligament hysteropexy to treat grade 2 or 3 uterine 
prolapse. Before surgical intervention and 6 months after 
surgery, women were interviewed by a trained gynecologic 
nurse specialist using portions of Rosen’s Female Sexual 
Function Index. With the exception of orgasm frequency, 
which was slightly decreased postoperatively, sexual inter- 
est, frequency of sexual intercourse, and sexual satisfaction 
were not different preoperatively and postoperatively in 
either group or between groups. There was no difference in 
vaginal dryness or dyspareunia in either group when compar- 
ing preoperative and postoperative data. Furthermore, there 
was no difference between groups. Although this study has 
some methodological flaws, it provides important data 
describing sexual function and supports that sexual func- 
tion is not negatively affected by sacrospinous hysteropexy. 

Now that sacrospinous hysteropexy has been established 
as an effective and long-lasting treatment for uterovaginal 
prolapse, researchers are looking for risk factors for those 
cases with less than ideal outcomes. A study by Lin et al. 
(2005) with follow-up of at least 5 years demonstrated that 
cervical elongation (P = 0.007) and grade 3 uterine pro- 
lapse (P = 0.007) are significant risk factors for failure after 
sacrospinous hysteropexy. Using these findings to modify 
the surgical practice, the authors reported that concomi- 
tant partial trachelectomy for those with an elongated cer- 
vix significantly reduced the failure rate from 75% to 0% 
(P = 0.024). No other risk factors were identified. 

Complications related to the sacrospinous hystero- 
pexy are much better documented than the other vaginal 
approaches to hysteropexy. The earliest reports note one 
case of proctotomy during the initial dissection that was 
recognized, repaired, and had no subsequent sequelae. 
Buttock pain has also been reported, with a rate of 5%. 
The most complete information on complications related 
to sacrospinous hysteropexy come from data collected by 
van Brummen et al. (2003) on 133 consecutive women. 
Intraoperative complications included excessive blood loss 
(>500 mL) in 8% of patients and rectal injury in 0.8% 
of women. Postoperative complications included: buttock 
pain 15%, buttock pain lasting greater than 2 weeks 4%, 
urinary tract infections 13%, and urinary retention 27%. 
Of note, several patients experienced specific neurologic 
symptoms, including one with severe buttock pain based on 
nerve entrapment that required suture release and replace- 
ment and another patient with introital numbness. Pro- 
spective data by Dietz et al. (2008) support these findings 
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with the following percentage of patients suffering these 
complications: reoperation for hemorrhage 1.4%, buttock 
pain 18.1%, vaginal hematoma 2.8%, urinary tract infec- 
tion 9.7%, urinary retention 27.8%, and vaginal adhesion 
4.2%. This complication profile seems acceptable com- 
pared to other treatment options for uterovaginal prolapse. 


Prolapse Mesh Kits 


From 2001 to 2010, there was a growing popularity of 
mesh kits for the correction of pelvic organ prolapse. One 
advantage of these kits was that they easily accommodated 
uterine preservation. The majority of these kits involved the 
blind passage of insertion needles through small perineal 
incisions into the obturator foramen and ischiorectal fossa 
to facilitate the tension-free vaginal placement of mesh or 
graft. Others used suturing devices to assist with the attach- 
ment of mesh to anatomic landmarks. The Food and Drug 
Administration noted adverse events and safety concerns. 
An investigation of these issues led to a 2008 Public Health 
Notification regarding the safety and efficacy of mesh kits 
for prolapse and incontinence. Over the last 7 years, the 
notification has been updated and voices concern regarding 
the safety of the mesh kits used to treat prolapse as well as 
the lack of clear evidence demonstrating superior prolapse 
outcomes compared to native tissue repair. As a result of 
this and multiple lawsuits, the companies who manufac- 
ture the trocar-based mesh kits voluntarily removed them 
from the market. Currently, the mesh-based kits that are 
available are trocar-less and use suture fixation devices 
to attach mesh arms to the sacrospinous ligament and/or 
other anatomic landmarks. One study details outcomes of 
the Uphold® Vaginal Support System (Boston Scientific, 
Natick, MA) for the treatment of uterovaginal prolapse. In 
this retrospective study by Vu et al. (2012), 115 women, 
including 53 women who elected hysteropexy, were fol- 
lowed. The patients who underwent hysteropexy were fol- 
lowed for a median of 11.8 months. Anatomic outcomes 
demonstrated a recurrence rate, defined as POP-Q = —1 in 
any segment, of 1.9%. There was one mesh exposure noted 
in this group and self-reported dyspareunia rates decreased 
from preoperative rates. Other studies looking at outcomes 
from this product and other available mesh kits do not detail 
hysteropexy outcomes. Otherwise, information regarding 
these new procedures is currently limited to expert opinion 
and small case series. As technology and data evolve, women 
who are interested in uterine preservation will have more 
surgical options. 


Abdominal Approach 


The abdominal approach to uterovaginal prolapse includes 
open, laparoscopic, and robotic procedures. Open abdominal 
approaches to uterovaginal prolapse with uterine preserva- 
tion include sacrocervicopexy, a combined vaginal-abdominal 
retropubic uterine suspension, pectineal ligament uterine 
suspension, and sacrohysteropexy (Table 26.2). Outcome 
data for these procedures are limited, with small, retrospec- 
tive studies representing the bulk of the existing literature. 
Although the earliest reports describe procedures using autol- 
ogous grafts and retropubic suspensions, more contemporary 
literature focuses on sacrohysteropexy using synthetic mesh. 


A laparoscopic or robotic approach to uterovaginal pro- 
lapse with uterine preservation presents potential ben- 
efits, including improved visualization of pelvic anatomy, 
decreased postoperative pain, shorter hospital stay and 
recovery period compared to the open abdominal approach. 
Numerous small studies published over the past 20 years 
have examined outcomes in laparoscopic and robotic 
approaches to uterovaginal prolapse with uterine preserva- 
tion. Procedures described include uterine suspension to 
the round ligaments, plication of the uterosacral ligaments, 
and sacrohysteropexy (Table 26.3). 


Open Abdominal Sacrohysteropexy 


The evidence supporting sacrohysteropexy is more robust 
compared to other open abdominal uterine conservation 
procedures. However, variations in the operative tech- 
nique, including sites of mesh attachment, and type, size, 
and shape of mesh, make comparison difficult. All authors 
describe placing synthetic mesh between the vagina and/ 
or cervico-uterine junction and the sacral promontory after 
mobilization of the bladder, rectum, and peritoneum. The 
distal mesh attachment site is described as either the vaginal 
wall or the uterus at the level of the uterosacral ligaments. 
The type, size, and shape of mesh are not consistent across 
studies and Teflon, polyester, and polypropylene systems are 
described. Although no authors elaborate on the size, shape, 
and configuration of mesh in detail, several studies describe 
placing the body of a Y-shaped mesh anteriorly with the arms 
passing through the broad ligament, followed by placement 
of a rectangular piece of mesh posteriorly (Figs. 26.3 and 
26.4). Finally, both are affixed to the sacral promontory. Each 
procedure includes peritoneal closure after mesh placement. 

Published studies reflect relatively good success rates 
with sacrohysteropexy, although there are no randomized 
controlled trials. In addition, most studies are limited by 
small sample size, lack of comparison group, short follow- 
up, and retrospective design. Retrospective results from a 
study by Leron and Stanton (2001) in 13 patients with pro- 
lapse to the hymen or beyond reported at a mean follow-up 
of 15.6 months that 23% of patients had persistent or recur- 
rent prolapse symptoms. The authors described each sub- 
ject’s examination as “improved” on follow-up, although no 
anatomic data were presented. These results are supported 
by a separate retrospective cohort study of 30 patients 
undergoing abdominal sacrohysteropexy by Barranger et al. 
(2003). Ninety-three percent of patients had no prolapse 
beyond the hymen at a mean of 44.5 months with only one 
patient requiring reoperation to treat prolapse. Subjective 
data were also encouraging with only one patient (3.3%) 
reporting uterovaginal prolapse symptoms at a mean follow- 
up of 94.6 months. 

Two prospective studies describe similar outcomes. 
Twenty women with uterovaginal prolapse were followed 
for a mean of 25 months after abdominal sacrohysteropexy 
using POP-Q examinations and validated quality of life ques- 
tionnaires (Demirci et al., 2006). Only one patient (5%) 
was noted to have recurrence to 1 cm above the hymen and 
there were statistically significant improvements in symp- 
tom and quality of life measures postoperatively among the 
cohort. Another prospective study compared abdominal 
sacrohysteropexy to abdominal hysterectomy with sacral 


Table 26.2 Abdominal Approach to Hysteropexy 


Study 
Nesbitt (1989) 


Joshi (1993) 


Leron and Stanton 
(2001) 

Barranger et al. 
(2003) 


Costantini et al. 
(2005) 


Demirci et al. 
(2006) 


Moiety et al. 
(2009) 


Procedure 


Combined vaginal ab- 
dominal approach 

Pectineal ligament 
suspension 

Sacrohysteropexy 


Sacrohysteropexy 


Hysterocolposacropexy 


Sacrohysteropexy 


Sacrohysteropexy 


Number of 
Patients 


16 
20 
13 
30 


34 


20 


333} 


Study Type and Outcome Measures 


Prospective cohort 

Outcome measures not defined 

Retrospective chart review 

Outcome measures not defined 

Prospective cohort 

Physical examination, questionnaire 

Retrospective chart review 

Examination using Baden and Walker 
Classification System, questionnaire, 
urodynamics 

Objective cure defined as stage 0-I 
prolapse 


Prospective cohort 

Physical examination 

Success defined as symptomatic 
relief and anatomic correction 
(prolapse < stage II with cervix 
>5 cm above hymen) 

Prospective cohort 

Physical examination with POP-Q, 
questionnaire, pad test, UDS 


Prospective cohort 


POP-Q, pelvic organ prolapse-quantification; UDS, urodynamic studies. 


Length of 
Follow-up 


5-10 years 
6-30 months 
Mean 16 months 


Mean 44.5 months 


Mean 51 months 


Mean 25 months 


Mean 6 months 


Anatomic 
Cure 


100% 
Unknown 
92% 


93.4% 


91% 


95% 


94% 


Subjective Cure Comments 


Unknown Complications: Dyspareunia 
6.3% 
100% Complications: None 
Pregnancies: 35% 
77% Complications: None 
96.7% at Complications: Retroperito- 
94.6 months neal hematoma 3.3%, 


presacral vein hemor- 
rhage 3.3%, wound infec- 
tion 3.3%, mesh erosion 
3.3%, incisional hernia 
3.3%, sciatic pain 3.3% 
Pregnancies: 10% 
85% Complications: None 


Unknown Complications: Incisional 
hernia 5%, dyspareunia 
15% 
Pregnancies: None 
82% Complications: Rectal injury 
a) 
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Table 26.3 Laparoscopic and Robotic Approach to Hysteropexy 


Study 


O’Brien and 
Ibrahim 
(1994) 

Wu (1997) 


Maher et al. 
(2001) 


Diwan et al. 
(2006) 


Krause et al. 
(2006) 


Medina and 
Takacs 
(2006) 


Uccella 
et al. 
(2007) 


Cutner 
et al. 
(2007) 


Rosenblatt 
et al. 
(2008) 


Price et al. 
(2010) 
Mourik 
et al. 
(2012) 


Procedure 


Laparoscopic ven- 
trosuspension 


Laparoscopic high 
McCall 

Laparoscopic 
suture 
hysteropexy 


Laparoscopic 
uterosacral 
uterine 
suspension 


Laparoscopic 
sacral suture 
hysteropexy 

Laparoscopic 
uterosacral 
uterine 
suspension 

Laparoscopic 
uterosacral 
ligament 
plication 

Laparoscopic 
uterine sling 
suspension 


Laparoscopic sa- 
crocervicopexy 


Laparoscopic sa- 
crohysteropexy 

Robotic-assisted 
laparoscopic 
sacrohystero- 
pexy 


Number of Patients Study type and Outcome Measures 


9 


43 


25 


81 


23 


10 


40 


51 


50 


Prospective cohort 

Physical examination 

Success not defined 
Retrospective chart review 
Outcome measures not defined 
Prospective cohort 

Physical examination 


Retrospective cohort comparing with 
vaginal hysterectomy and vault 
suspension 

Physical examination including 
POP-Q 

Success not defined 

Prospective cohort 

Examination or telephone interview 

Success not defined 

Retrospective chart review 

Physical examination including 
POP-Q 

Success not defined 

Prospective cohort 

Physical examination including 
POP-Q 

Success defined as < stage | prolapse 

Prospective cohort 

Physical examination including 
POP-Q 

Success not defined 

Retrospective case series 

Physical examination including 
POP-Q 

Success defined as C point above hy- 
men and improved from preopera- 
tive examination 

Prospective cohort 

ICIQ-VS, POP-Q 

Prospective cohort 


Length of Follow-up Anatomic Cure 


3 months 0% 
9-17 months 100% 
Mean 12 months 79% 


Mean 26 weeks Unknown 
Mean 20.3 months 94.7% 
Mean 16.3 months Unknown 


Median 21 months 80% 


6 weeks-12 months Unknown 
>6 months 100% 
10 weeks 100% 


Subjective 


Cure 
11% 


Unknown 


81% 


92% 


87.8% 


100% 


80% 


Unknown 


100% 


98% 


95% 


Comments 


Complications: Aborted procedure 
secondary to excessive bleeding 
11% 

Complications: None 


Complications: Uterine artery lacera- 
tion necessitating exploratory 
laparotomy and transfusion 2% 

Pregnancies: 5% 

Complications: Dyspareunia 8% 


Complications: Intestinal perforation 
1.3%, bowel obstruction 1.3%, 
pulmonary embolism 1.3% 

Complications: None 


Complications: None 


Complications: None 


Complications: Rectal injury identi- 
fied postoperatively necessitating 
bowel resection 2% 


POP-Q, pelvic organ prolapse-quantification; UDS, urodynamic studies; ICIQ-VS, International Consultation of Incontinence, Modular Questionnaire - Vaginal Symptoms. 
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FIGURE 26.3 Dual-leaf sacral colpohysteropexy. 


colpopexy (Costantini et al., 2005). In this study, 72 con- 
secutive patients with symptomatic grade 3 to 4 prolapse 
self-selected to either sacrohysteropexy or hysterectomy 
with abdominal sacral colpopexy. The sacrohysteropexy 
(n = 34) group had shorter mean operative times (89 ver- 
sus 115 min), less mean estimated blood loss (200 versus 
325 mL), and a shorter mean hospital stay (each P < 0.05) 
when compared to the hysterectomy and sacral colpopexy 
group. At a mean follow-up of 51 months, there were no 
statistically significant differences in anatomic outcomes. 
Subjective follow-up was also encouraging with similar 
proportions of patients free of prolapse symptoms (sacro- 
cervicopexy 87% versus sacrohysteropexy 97%; P = not 
significant). 

Abdominal sacrohysteropexy seems to be a relatively 
safe procedure. Similar to sacral colpopexy, complications 
reported include dyspareunia and persistent pain, de novo 
incontinence or urinary urgency, mesh erosion, presacral 
vessel hemorrhage, wound infection, small bowel obstruc- 
tion, and hernia. Studies describe new onset dyspareunia in 
7% to 15% of patients. Voiding dysfunction is described in 
5% to 12% of patients. Additionally, with 4 years of follow- 
up, the mesh erosion rate was noted to be 3%, which is 


comparable to that reported after sacral colpopexy. There 
were no pregnancy outcomes reported among these data. 


Laparoscopic Ventrosuspension 


This minimally invasive approach to hysteropexy involves 
laparoscopic plication of the round ligaments to the rectus 
sheath. A case series by O’Brien and Ibrahim (1994) of 
nine postmenopausal women with “moderate or marked” 
uterovaginal prolapse who underwent laparoscopic ventro- 
suspension provide discouraging results with 89% of women 
experiencing complete recurrence within 3 months, all 
of whom required additional surgery. Other authors have 
reported success with this procedure (Lin et al., 2005), 
although most literature focuses on uterosacral ligament pli- 
cation and sacrohysteropexy, which are thought to provide 
more durable and anatomic repairs. 


Laparoscopic Uterosacral Ligament 
Uterine Suspension 


Although there are nuances between different approaches 
to uterosacral ligament uterine suspension, each 
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FIGURE 26.4 The two arms of the anterior leaf of mesh exit the broad ligament. They are secured with the posterior mesh leaf to the sacral 
promontory. In the insert, the retroperitoneal space is closed over the mesh arms. 


procedure attaches the uterus to a more proximal por- 
tion of the uterosacral ligament. Advocates of the pro- 
cedure tout the uterosacral ligament’s role in physiologic 
uterine support and creation of an anatomically correct 
repair among its advantages. The ligament also has a high 
tensile strength, with studies indicating it can withstand 


pressures up to 37 pounds. Multiple authors advocate ini- 
tiating the procedure with a peritoneal ureteral releasing 
incision to avoid ureteral kinking, whereas others recom- 
mend completing this step as indicated after placing the 
suspension sutures. All procedure descriptions use per- 
manent suture for the suspension, although the exact 
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location, number of sutures placed, and additional steps 
vary between studies. 

Evidence suggests that laparoscopic uterosacral ligament 
uterine suspension is relatively safe and effective, although 
the existing literature is limited by lack of adequately pow- 
ered randomized, prospective trials. A handful of small non- 
randomized studies report outcomes with failure rates of 
0% to 20%. The largest prospective study to date by Maher 
et al. (2001) reported outcomes of 43 nonobese patients 
undergoing laparoscopic uterosacral ligament uterine sus- 
pension. At a mean follow-up of 12 months, 81% had no 
prolapse symptoms, whereas 79% had no objective evidence 
of recurrence. Seven patients (16%) had reoperations for 
failure. There were no significant differences in preopera- 
tive examination, age, body mass index, or parity between 
successful and failed cases. Although the study was small, 
lacked a comparison group, excluded obese women who 
are at a high-risk of failure, and did not include detailed 
examination findings, it offers the best prospective data 
available regarding uterosacral ligament uterine suspension. 
A smaller prospective study presented similar findings in 10 
patients with > stage 2 symptomatic pelvic organ prolapse 
(Uccella et al., 2007). At a median follow-up of 21 months, 
80% of patients were objectively cured, defined as < stage 
l prolapse, with only two patients requiring reoperation for 
recurrent prolapse. 

In 2006, Diwan et al. compared laparoscopic uterosacral 
ligament uterine suspension to vaginal hysterectomy with 
vaginal vault suspension in a retrospective cohort of 50 
patients and concluded that the uterine suspension proce- 
dure is a safe, effective treatment in selected patients with 
uterovaginal prolapse. All vaginal hysterectomy patients 
underwent a concomitant vault suspension including a 
McCall culdoplasty, a sacrospinous ligament suspension, or 
a laparoscopic uterosacral ligament suspension. Pairs were 
age-matched, with 25 subjects in each arm, and did not dif- 
fer significantly with regard to preoperative POP-Q point 
C or symptoms. When controlling for preoperative POP-Q 
values, uterine conservation patients exhibited better vault 
support postoperatively (P = 0.001). The uterine preserva- 
tion group also had fewer reoperations for failures (1 versus 
3). This difference persisted when controlling for length of 
follow-up. The authors are the first to compare laparoscopic 
uterine suspension to the conventional standard of hysterec- 
tomy with vault suspension. However, their conclusions are 
limited by the study size, retrospective design, and short, 
variable follow-up intervals between the two groups. 

These studies also support that laparoscopic uterosacral liga- 
ment suspension is safe. When compared to vaginal hysterec- 
tomy with vault suspension, laparoscopic uterosacral ligament 
suspension resulted in less blood loss (P < 0.0001) and shorter 
hospital stay (P = 0.002) in Diwan’s retrospective cohort study. 
Mean reported operating times are less than an hour. Compli- 
cations reported are few and include a uterine artery laceration 
resulting in a broad ligament hematoma that necessitated lapa- 
rotomy and transfusion and two cases involving ureteral kinking 
remedied by a peritoneal ureteral releasing incision. 


Laparoscopic Sacrohysteropexy 


Limited data exist on the outcomes and complications 
of laparoscopic sacrohysteropexy. The term laparoscopic 


sacrohysteropexy encompasses many different techniques. 
One published approach mimics creation of new utero- 
sacral ligaments by attaching two 5 mm mersilene tapes 
from the cervix and bilateral uterosacral ligaments to the 
sacral promontory, whereas another study describes placing 
a suture through the posterior cervix, running it along the 
uterosacral ligament, then attaching it to the anterior longi- 
tudinal ligament. Other authors describe a technique similar 
to sacrocolpopexy, with a polypropylene mesh attached to 
the cervix and vagina distally and the anterior longitudinal 
ligament proximally. This can be performed with a posterior 
mesh alone or with the addition of two anterior arms pass- 
ing through the broad ligament to the anterior cervix and 
vagina. 

Outcome data on laparoscopic sacrohysteropexy are lim- 
ited. Krause et al. (2006) followed 81 women prospectively 
after laparoscopic sacral suture hysteropexy. At a mean 
follow-up of 20.3 months, with 94% of patients available 
for questioning and 70% available for examination, 88% 
had no symptoms of pelvic organ prolapse, whereas 95% 
had no objective evidence of prolapse. Additional data by 
Rosenblatt et al. (2008) on 23 women undergoing laparo- 
scopic hysteropexy was also encouraging with all subjects 
free of symptomatic prolapse at 12 months and a median 
POP-Q point C of —5. Although the subjective and objec- 
tive success observed in this study is encouraging, the study 
had poor follow-up, a small sample size, and lack of a com- 
parison group. Finally, a prospective cohort study by Price 
et al. (2010) of 51 women undergoing laparoscopic hystero- 
pexy with both anterior and posterior arms reported one 
failure at 10-week follow-up. 

Robotic-assisted laparoscopic sacrohysteropexy has been 
described in a small case series by Vitobello et al. (2012) 
and a prospective cohort study by Mourik et al. (2012). The 
cohort study included 50 women and reported that at up to 
29 months, women undergoing robotic-assisted laparoscopic 
sacrohysteropexy had significant improvement in quality of 
life. Multiple case reports of a single port laparoscopic sacro- 
hysteropexies have been published documenting the feasi- 
bility of this approach, one of which indicated the patient 
had no subjective prolapse at 18 months postoperatively. 

Although minimally invasive sacrohysteropexy may 
result in lower blood loss than an open procedure, it 
requires advanced surgical skills and can complicate future 
hysterectomy should it become necessary. Few data about 
intraoperative complications exist, although reported post- 
operative complications include a small bowel obstruction 
that required a bowel resection and reanastomosis. Addi- 
tionally, one mesh erosion and one umbilical hernia have 
been reported. A more serious complication involving an 
unrecognized rectal injury necessitating a proximal proctec- 
tomy, mesh removal, small bowel resection, left colectomy, 
and temporary colostomy demonstrates that serious com- 
plications can occur with any of these techniques. 


Summary and Future Questions 


For the treatment of uterovaginal prolapse, most long-term 
studies describe vaginal vault suspension with hysterectomy. 
However, uterine-sparing procedures to treat uterova- 
ginal prolapse have a long history and are becoming more 
popular worldwide. Several techniques with vaginal, open 
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abdominal, and laparoscopic/robotic approaches have been 
described with varying success rates. Unfortunately, the 
majority of studies describing all approaches to hysteropexy 
are flawed with bias, short follow-up, and lack of adequate 
control groups. Of vaginal techniques, the sacrospinous hys- 
teropexy is the most studied. Data support its long-term 
cure of prolapse, with newer studies demonstrating favor- 
able results in comparison to sacrospinous ligament vaginal 
vault suspension. Quality of life and sexual function out- 
comes seem good after sacrospinous hysteropexy. Abdomi- 
nally, both the open and laparoscopic sacrohysteropexy have 
promising findings with results comparable to hysterectomy 
and sacral colpopexy. 

Because of the inherent risks of hysterectomy and its 
possible effect on quality of life, strategies to avoid a hyster- 
ectomy as part of a prolapse repair should lower the surgical 
times and potentially decrease surgical morbidity, such as 
bleeding, infectious complications, and damage to the lower 
urinary tract. It could also make laparoscopic and robotic 
prolapse surgeries less time-consuming and thus more 
attractive to gynecologic surgeons. 

It is important to select patients carefully for uterus- 
sparing prolapse repairs. Women with prolapse who also 
have disease specific to the uterus, such as postmenopausal 
bleeding, endometrial hyperplasia, or cervical dysplasia, 
should have a concurrent hysterectomy as part of their sur- 
gery. Women at high risk for future gynecologic cancers, 
such as those with strong positive family histories or high- 
risk HPV exposure to the cervix may consider having hys- 
terectomy as well. However, women with a normal uterus, 
as documented by a pelvic examination, Pap smear, and 
perhaps endometrial biopsy or transvaginal ultrasound, can 
undergo conservation of the uterus as part of the prolapse 
repair, assuming the risks and benefits of hysterectomy ver- 
sus no hysterectomy have been carefully reviewed by the 
physician and patient and the patient gives an informed 
consent. Likewise, women with prolapse who desire future 
fertility would desire uterine conservation. The risk—benefit 
profile thus changes with the age of the patient. 

Although the overall risks of hysterectomy are well 
described in the literature, studies have not specifically 
addressed the unique morbidity of the addition of hyster- 
ectomy on a prolapse repair, nor have studies addressed any 
benefits the woman may receive by uterine conservation. 
Even though the magnitude of risk remains unknown, the 
addition of hysterectomy would increase operating time, 
surgical blood loss, rate of vaginal cuff infection, and the 
rate of lower urinary tract injury. It is unknown if postopera- 
tive pain and general recovery would be altered. There is a 
suggestion in some, but not all studies, that a hysterectomy 
done at the time of a mesh-augmented colpopexy (abdomi- 
nal or vaginal) may increase the risk of vaginal erosion of 
the mesh. Other long-term factors, including the risk of 
future gynecologic pathology and effects on quality of life 
and sexual satisfaction, have not been well-studied in this 
population and extrapolation from other studies is probably 
not valid. In clinical practice, strong feelings by patients and 
physicians are commonly seen; both in favor of hysterec- 
tomy and of uterine conservation, but opinions are often not 
supported by valid evidence. 

The benefits of removing the uterus at the time of 
prolapse repair include facilitation of peritoneal access if 


a transvaginal uterosacral ligament vaginal suspension is 
desired. Long-term benefits include the lowering of the life- 
time risks of (and tests for) uterine disease, such as dyspla- 
sia, postmenopausal bleeding, and endometrial and cervical 
cancer. Because of the relative long-term cure rates of vari- 
ous colpopexy procedures with or without hysterectomy 
have not been compared, it is unknown whether one option 
would require more future surgeries to correct recurrent 
prolapse and/or stress incontinence. 

The cervix as a unique structure raises several interesting 
issues. Removal of the cervix as part of the hysterectomy 
would minimize the risk of future cervical dysplasia or can- 
cer and the need for future evaluations for this. However, 
bleeding from the cervix after supracervical hysterectomy 
occurs in 2% to 14% of cases and sometimes requires a 
trachelectomy for cure. Some believe that retaining the cer- 
vix provides continued sexual response and satisfaction that 
would be diminished if the cervix was removed. The litera- 
ture on this remains controversial and would require more 
careful, randomized surgical trials studying sexual outcomes. 
Women who have a long cervix may sometimes feel con- 
tinued symptoms of cervical prolapse or sexual discomfort 
even if a uterine-retaining hysteropexy is performed. Such 
patients may require a trachelectomy at the time of hystero- 
pexy to help provide more normal anatomy and function. 

Uterine-sparing procedures seem to be safe and, in some 
cases, faster and associated with less blood loss than those 
procedures that require hysterectomy. Many questions still 
exist surrounding hysteropexy. Will the durability of the 
prolapse repair be as good as (or better than) vaginal vault 
suspension? Will these repairs reliably hold up to the strains 
related to pregnancy, labor, and delivery? How often will 
reoperations related to uterine pathology be required? Who 
is the ideal candidate to undergo hysteropexy? As these pro- 
cedures regain popularity, it is our hope that these issues 
will be addressed, ideally in the form of prospective, ran- 
domized, controlled trials. 
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Introduction 


As our population ages, pelvic floor disorders are becoming 
more prevalent and increasingly important health and social 
issues. Approximately 63 million women will be 45 years 
old or older by 2030, and 33% of the population will be 
postmenopausal by 2050. In the United States, the largest 
segment of the population growthwise is the woman above 
60 years of age. Population data show 11% of women will 
undergo surgery at some point for pelvic organ prolapse or 
incontinence, with some studies quoting a reoperation rate 
for failures of up to 30%, the majority of which occur in the 
anterior compartment. 

As more women enter the eighth and ninth decades of life, 
many develop symptomatic primary or recurrent pelvic organ 
prolapse, often after unsuccessful attempts at pessary ther- 
apy or surgery, due to inherent longevity of repairs and many 


400 


other factors. In addition, elderly women frequently have 
concomitant medical issues and are not sexually active, mak- 
ing extensive surgery less than ideal. Procedures have been 
described to alleviate the symptoms of pelvic organ prolapse 
by obliterating the vaginal canal. Both the Le Fort partial col- 
pocleisis, which is uterine sparing, and a partial or complete 
colpectomy and colpocleisis performed post-hysterectomy 
are viable options for vaginal obliteration. This chapter dis- 
cusses the indications and techniques for these procedures. 


Historical Perspectives 


Prior to the advent of surgical procedures for severe pro- 
lapse, women were treated with obstructing foreign bodies 
such as vaginal packing or pessaries, being hung upside down 
to invert the prolapse, or with caustic substances that were 
introduced into the vaginal canal to promote scarring. Early 
surgical procedures then arose that described the reapproxi- 
mation of denuded vaginal mucosa to obliterate the vaginal 
canal (Gerardin of Metz, 1823). Gerardin never performed 
the procedure himself, but it served as a basic concept for 
several other techniques. This hypothesized procedure was 
further elaborated by Neugebauer in 1867, who removed a 
3 x 6-cm area of vaginal epithelium anteriorly and posteri- 
orly and sutured the area together. Neugebauer published 
this technique in 1881 after Leon Le Fort described a similar 
practice. Some descriptions also incorporate partial closure 
of the labia with suture. In 1877, Leon Le Fort described 
what we now term the Le Fort partial colpocleisis, whereby 
a narrower rectangle of the anterior and posterior walls is 
denuded and then sutured to replace the prolapse and leave 
channels for cervical drainage at the lateral fornices. He then 
coupled this procedure with a delayed colpoperineorrhaphy 
to narrow the genital hiatus. Rubovits and Litt (1935) ulti- 
mately described a Le Fort partial colpocleisis in conjunc- 
tion with a levator muscle plication and perineorrhaphy to 
further narrow the introitus and build up the perineum. 
Early literature of the 20th century further modified 
these descriptions and, by the 1920s, a series of outcomes 
data began arising. In 1928, Baer and Reis reported a series 
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of 14 women who underwent the Le Fort procedure with 
100% success. Adair and DaSef (1936) published a series of 
38 women of whom one had a recurrent prolapse through the 
Le Fort drainage channel and two others had recurrent cysto- 
cele. In 1948, Mazer and Isral showed a 97% success rate in 
38 women using the Le Fort technique. In a larger series of 
288 patients, Hanson and Keettel (1969) described excellent 
results with only 1% of patients experiencing complete recur- 
rence within the first year and 5% of patients some degree of 
recurrence. Overall, 92% of these patients believed that they 
had good or excellent support as a result of their colpocleisis. 

Total colpectomy and colpocleisis with levator plica- 
tion at the time of hysterectomy or post-hysterectomy 
was first described by Martin (1898). Masson and Knep- 
per (1938) described excellent success in a case series of 23 
patients who underwent complete vaginectomy with purse- 
string closure and levator plication. Williams (1950) also 
described success with no recorded recurrences in a series 
of 60 patients undergoing vaginal hysterectomy and vaginec- 
tomy with levator plication. 


Preoperative Evaluation 


As with most urogynecologic complaints, choice of imag- 
ing and testing prior to treatment options is contingent on a 
thorough history and physical examination. Pelvic floor com- 
plaints may vary widely between patients and are associated 
with a variety of both anatomic and functional derangements 
that must be elucidated to determine whether ancillary test- 
ing will assist in determining the best treatment options. 

Urodynamic testing prior to obliterative procedures is 
widely performed, but there is a lack of evidence regarding 
its necessity in an elderly population with medical comor- 
bidities. Since occult incontinence may be masked in cases 
of obstructive prolapse in which the urethra may kink due 
to anatomic distortion, use of simple office cystometrics is 
often helpful. This is performed by asking a patient to per- 
form a Valsalva maneuver with her prolapse reduced; this 
will reveal stress incontinence without the need to perform 
formal urodynamics. Von Pechmann et al. (2003) illustrated 
the high prevalence of occult stress urinary incontinence 
(SUT in advanced prolapse. In this study, 75 of 92 subjects 
underwent urodynamic testing, 48% had stress incontinence, 
17% had detrusor instability, and 21.3% had mixed inconti- 
nence. Another study in 2003 by Fitzgerald and Brubaker 
showed a 27% de novo stress incontinence rate after sur- 
gery. Although some argue that placement of a midurethral 
sling at the time of colpocleisis increases the rate of voiding 
dysfunction at a higher rate in elderly individuals, Abbasy 
et al. (2009) evaluated a series of 38 elderly women with 
SUI diagnosed preoperatively who underwent concomitant 
midurethral sling with colpocleisis. They found low rates of 
urinary retention and voiding dysfunction postoperatively, 
regardless of preoperative postvoid residual volumes. 

Radiologic imaging may be helpful in revealing hydrone- 
phrosis or hydroureter as a result of obstruction from severe 
pelvic organ prolapse. Beverly et al. (1997) showed that the 
presence of hydronephrosis increases with increasing pro- 
lapse and that knowledge of poor function may be helpful 
in evaluating changes in renal status postoperatively. Radio- 
logic evidence of hydronephrosis, however, does not gener- 
ally change the surgical management plan. 


Voiding diaries, although recommended in some popu- 
lations, may be difficult in extremely elderly patients due 
to both cognitive disability and compliance as well as the 
potential for mobility and dexterity issues. Proper methods 
for performing a voiding diary can be found in Chapter 9. 


Le Fort Partial Colpocleisis 


A Le Fort partial colpocleisis is an option if the patient has 
her uterus and is no longer sexually active. Because the 
uterus is retained, evaluating any future uterine bleeding or 
cervical pathology is difficult. Therefore transvaginal ultra- 
sound or endometrial biopsy, and Papanicolaou (Pap) smear 
must be performed before surgery to prevent delayed diag- 
nosis of endometrial and cervical cancers, even though the 
incidence is rare (Denehy et al., 1995). The ideal candidate 
for a Le Fort partial colpocleisis is the patient who has uter- 
ine procidentia with symmetric eversion of the anterior and 
posterior vaginal walls (Fig. 27.1). 


Surgical Technique and Outcomes 


1. The procedure is begun by placing the cervix on trac- 
tion to evert the vagina. A Foley catheter with a 5 
to 10-mL balloon is placed in the bladder to aide in 
identification of the bladder neck. 

2. The rectangular areas to be denuded are marked ante- 
riorly and posteriorly. The area should extend from 
approximately 2 cm from the tip of the cervix to 4 
to 5 cm below the external urethral meatus. A mirror 
image on the posterior aspect of the cervix and vagina 
are also identified. The vaginal mucosa is injected with 
0.025% bupivacaine or 2% lidocaine with 1:200,000 
epinephrine just below the vaginal epithelium. 

3. The previously outlined areas are removed by sharp 
dissection (Fig. 27.1A and B). The surgeon should 
leave the maximum amount of muscularis behind 
on the bladder and rectum. Hemostasis is an abso- 
lute must. While removing the posterior vaginal flap, 
one should not attempt to enter the peritoneum. If 
the peritoneum is inadvertently entered, the defect 
should be closed with an interrupted delayed absorb- 
able suture. 

4. The cut edges of the anterior and posterior vaginal walls 
are sewn together with interrupted delayed absorb- 
able sutures (Fig. 27.1C). The knots are turned into 
the epithelium-lined tunnels, which have been created 
bilaterally (Fig. 27.1C). After the uterus and vagina 
have been inverted, superior and inferior margins of 
the rectangle can be sutured together (Fig. 27.1D). 

5. In the author’s opinion, plication of the bladder 
neck (Fig. 27.1A) or a synthetic midurethral sling 
should be routinely performed because of the high 
incidence of postoperative stress incontinence. In 
addition, an aggressive perineorrhaphy with a distal 
levator plication should be performed to decrease 
the caliber of the genital hiatus and to build up the 
perineum. For the technique of levatorplasty, the 
reader is referred to a discussion described later in 
this chapter (Fig. 27.3). 

According to the literature, 90% to 95% of patients 

achieve good anatomic results, with relief of many of their 


nagement of Stress Urinary Incontinence and Pelvic Organ Prolapse 


/ 


SN 


A 


É 


Ieho 


Iho 


FIGURE 27.1 LeForte Partial Colpocleisis. A, A rectangular piece of anterior vaginal wall has been removed. Note in the inset that the dissec- 
tion has been extended laterally at the level of the proximal urethra to perform a Kelly-Kennedy plication in the hope of providing preferential 
support to the bladder neck and thus preventing any occult or potential stress incontinence. B, A similar rectangular piece of posterior vaginal 
wall is removed. A portion of the posterior vaginal wall will usually lie over an enterocele and the surgeon should attempt to avoid entering 


the peritoneal cavity if at all possible. 


C 


CHAPTER 27 Obliterative Procedures for Pelvic Organ Prolapse 


FIGURE 27.1, cont'd C, The cut edge of the anterior incision, at the level of the cervix is sewn to the distal cut edge of the posterior incision 
with interrupted 2-O delayed absorbable sutures. (inset) Once the cervix is inverted, the interrupted sutures are taken through the cut edges 


of the lateral portions of the incision on each side. 


symptoms. Partial recurrence or breakdown of the repair is 
seen in 2% to 5% and is thought to be due to poor hemosta- 
sis with hematoma formation or infectious morbidity. In a 
series of 118 patients and following a modified Le Fort pro- 
cedure by Goldman et al. (1981), 91% of patients exhibited 
good anatomic outcomes, 85% had resolution of prolapse 
symptoms, and 2.5% developed recurrent prolapse, mostly 
due to wound breakdown or hematoma. In addition, 10.2% 
developed de novo or worsening of incontinence. 

Several studies have looked at complication rates after 
partial colpocleisis, which is generally quoted at 5% signifi- 
cant complications and 15% for minor complications. These 
are mostly due to multiple comorbidities and the frailty of 
the population being considered. Sung et al. (2006), in a 
population-based study, showed that although complica- 
tions increase in subjects >80 years of age, obliterative pro- 
cedures had fewer major adverse events than reconstructive 
procedures. Glavind and Kempf (2005) reported few com- 
plications in a series of 25 Le Fort colpocleises and 17 total 
colpectomies. 


Continued on following page 


Total Colpectomy and Colpocleisis 


In patients with post-hysterectomy prolapse with near com- 
plete vaginal eversion and who are not interested in further 
sexual function, a total colpectomy and colpocleisis pro- 
vides a minimally invasive durable option to correct their 
prolapse. However, if there is significant prolapse of just one 
segment of the pelvic floor, for example the anterior vagi- 
nal wall, then an aggressive repair of the compartment with 
a narrowing of the genital hiatus will accomplish the same 
result without requiring complete removal of all vaginal epi- 
thelium. Total colpectomy may also be performed at the 
same time as vaginal hysterectomy if desired, although the 
total blood loss tends to be greater with the addition of this 
procedure (Von Pechmann et al., 2003). The rationale for 
performing a hysterectomy at the time of colpocleisis is to 
eliminate the risk of endometrial or cervical malignancy. It 
also eliminates the risk of development of pyometra, a rare 
but serious complication that can occur if the lateral canals 
become obstructed after a Le Fort procedure. 
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FIGURE 27.1, cont'd D, Once the entire vagina has been inverted, the superior and inferior margins over the rectangle can be sutured hori- 
zontally, thus completely obliterating the midportion of the vagina. Note: draining channels are left in the lateral portions of the vagina to 
facilitate drainage of any cervical discharge. A lavatoroplasty is commonly performed to increase posterior pelvic muscle support and narrow 
the introitus. (See fig. 27-3 for technique of levatoroplasty) 
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Surgical Technique and Outcomes 


1. The most prominent portion of the prolapse is 
grasped with two Allis clamps. The vaginal epithelium 
is injected with a 1% or 2% lidocaine with epinephrine 
solution as previously mentioned for the Le Fort par- 
tial colpocleisis. 

2. The vagina is circumscribed by an incision several cen- 
timeters from the hymen at the base of the prolapse. 
A marking pencil is then used to mark rectangular 
portions of the vagina that will be removed sharply. 
The vaginal epithelium is completely removed. An 
effort is made to avoid entering the peritoneal cavity 
(Fig. 27.2A and B). 

3. A series of purse-string sutures are placed, sequentially 
inverting the vagina by tying the sutures (Fig. 27.2C). 
The apex of the soft tissue is inverted by the tip of 
a forceps as each purse-string suture is tied. A varia- 
tion of this procedure can involve performing a sepa- 
rate anterior and posterior colporrhaphy with two 
purse-string sutures to close the anterior and posterior 
segments together and to obliterate any dead space 
between compartments. 

4. Levatorplasty is then performed; the genital hiatus 
is invariably widened in this patient population. The 
puborectalis and pubococcygeus muscles are reap- 
proximated in the midline with delayed absorbable 
sutures (Fig. 27.3), creating a shelf above the rectum 
as a barrier to visceral descent. 

5. It is the opinion of the authors that at least a Kelly pli- 
cation at the bladder neck should be performed due 
to a high postoperative rate of incontinence. If the 
patient exhibited stress incontinence with or without 
prolapse reduction, addition of a midurethral sling to 
the procedure is also indicated. 

Complications of total colpectomy are comparable 
to those of Le Fort partial colpocleisis, most of which 
are related to medical complications rather than surgical 
sequelae. Stepp et al. (2005) reported that most postopera- 
tive complications in women over age 75 years, regardless 
of the type of prolapse surgery performed, are related to 
medical problems. Risk factors for complications included 
length of surgery and a history of cardiac or peripheral vas- 
cular disease. 

Ureteral injury, due to kinking of the ureter by a purse- 
string stitch, occurs in about 2% of cases. The majority of 
ureteral obstructions resolve with removal of the occluding 
stitch. We do endorse routine cystoscopy with all colpecto- 
mies and colpocleises for this reason. 

Colpocleisis literature reports high anatomic success and 
satisfaction rates. Recently, Koski et al. (2012) studied 53 
patients with POP-Q Stage III or greater or Baden Walker 
grade 3. Total colpocleisis or Le Fort partial colpocleisis was 
performed in 73.6% and 26.4%, respectively. Concomitant 
slings were inserted in 60.4%. There was no recurrence of 
prolapse at a mean follow-up of 9.3 months. 


Levator Plication and Perineorrhaphy 


Several studies have shown benefit to incorporating a leva- 
tor muscle plication across the midline along with aggressive 
extended perineorrhaphy to narrow the genital hiatus and 


essentially build a wall of perineal support after obliterative 
procedures. The addition of this procedure is advocated by 
the authors. 

1. Two Allis clamps are placed superiorly on the genital 
hiatus to demarcate the lateral edges of tissue removal 
from the posterior fourchette (Fig. 27.3). 

2. A diamond-shaped flap of epithelium is marked over 
the distal posterior vaginal wall proximally and peri- 
neal skin distally. The marked perineal skin and vagi- 
nal epithelium is sharply removed (Fig. 27.3B). 

3. The distal posterior vaginal wall is mobilized laterally 
to allow access to the distal levator ani muscle. Two to 
three No. 0 Vicryl sutures on a CT-1 needle are used 
to plicate the levator muscles across the midline, thus 
significantly decreasing the caliber of the distal vaginal 
canal (Fig. 27.3B and C). 

4. The perineal body is reconstructed using a series of 
No. 2-0 Vicryl sutures, greatly reducing the size of 
the genital hiatus. The vaginal and perineal skins are 
then closed with interrupted or running No. 3-0 Vic- 
ryl sutures (Fig. 27.3C). 

The addition of levator plication and high perineorrha- 
phy at the time of colpocleisis reduces excessive of the geni- 
tal hiatus which may lead to recurrent prolapse. In addition, 
some surgeons believe that building up the posterior wall 
may also support the vaginal vault and urethra to prevent 
stress incontinence. 


Urinary Function Following Obliterative 
Procedures 


It is difficult to predict urinary function after correction of 
severe pelvic organ prolapse. De novo stress incontinence is 
a frequent and bothersome issue following obliterative sur- 
gery. In the elderly population, however, there may be a risk 
of worsening any pre-existing voiding dysfunction if an anti- 
incontinence procedure is used at the time of colpocleisis. 
Conversely, it is also possible to improve voiding dysfunc- 
tion and retention by correction of an obstructive prolapse, 
often times resulting in a normalization of elevated preop- 
erative postvoid residuals. 

Although use of midurethral slings at the time of 
prolapse repair has become common practice for many, 
there has been significant debate regarding placement 
of a midurethral sling or other anti-incontinence proce- 
dure at the time of colpocleisis. Sling lysis rates due to 
voiding dysfunction postoperatively are 2.5% to 7%. As 
an alternative to midurethral sling for primary or occult 
stress incontinence, urethral bulking agents may also 
be considered. In a study by Isom-Batz and Zimmern 
(2009) involving 31 subjects, 93% reported improvement 
or resolution of their symptoms following bulking agent 
injection. 

Some recent studies have described the effect of oblit- 
erative surgery with or without anti-incontinence proce- 
dures on urge urinary incontinence and voiding dysfunction 
symptoms. Fitzgerald and Brubaker (2003) reported a ret- 
rospective series focused on perioperative incontinence and 
found that 36% of patients choosing an obliterative option 
had elevated postvoid residual (PVR) volumes and 78% had 
stress incontinence on examination (33% occult). Autolo- 
gous fascial slings were placed in one-third of the patients, 
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FIGURE 27.2 Colpectomy and complete colpocleisis. A and B. The vagina is circumscribed by an incision at the site of the hymen and is 
marked into quadrants. Each quadrant is removed by sharp dissection. C. Purse string delayed absorbable sutures are placed. The leading 
edge of the soft tissue is inverted by the tip of the forceps. Purse string sutures are tied 1 before 2 and 2 before 3, with progressive invision 
of the soft tissue before tying of each suture. D. The final relationship is shown in a cross section. A perineorraphy is also usually performed. 
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FIGURE 27.3 Distal Levatoroplasty and perineorraphy. A-widened genital hiatus with levator muscle shown in a lateral position. B-Perineal 
and midline vaginal incision is used to expose medial edge of levatus muscle. (inset) Distal portions of levator muscle are plicated across the 
midline. C-Plication sutures are tied and perineorraphy is performed. 

Continued on following page 
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FIGURE 27.3, cont'd 


and 19% had Kelly plication. Interestingly, 34 of 36 patients 
with elevated PVR preoperatively had normal PVR follow- 
ing colpocleisis, although three patients required midline 
sling lysis for retention. In all, 27% of patients still devel- 
oped de novo stress incontinence. 

Moore and Miklos (2003) described excellent results 
when placing a midurethral sling at the time of colpocleisis. 
At nearly 20 months, 94% of patients considered themselves 
“cured” of their stress incontinence. They concluded from 
this study that placement of TVT at the time of obliterative 
procedure is effective; however, they could not comment 
on other types of midurethral slings. 

Abbasy and Brubaker (2009) described a retrospective 
cohort of 38 women who had a midurethral sling (TVT-O in 
40% versus TVT in 60%) placed at the time of colpocleisis. 
They found that although 33% of the patients had a PVR 
>100 mL preoperatively, only 2 of the 38 continued to have 
elevated PVR after the prolapse was corrected. Median pro- 
lapse and incontinence scores on the Pelvic Floor Distress 
Inventory significantly improved in all patients. Fitzgerald 
et al. (2008) reported objective and subjective data on 152 
patients after colpocleisis and found that 15% had bother- 
some urgency/frequency. 

Koski et al. (2012) observed no postoperative de novo 
urgency or urinary retention in 53 patients who underwent 
total colpectomy or Le Fort partial colpocleisis. Frequency 
and urgency were the most common and bothersome com- 
plaints on the UDI-6 (33.3%), but most of these patients 
had these same complaints preoperatively. 

Another study by Smith et al. (2011) evaluated the risk 
of voiding dysfunction and sling placement in 210 patients 
undergoing Le Fort partial colpocleisis. Median follow-up 
was 22 weeks, with a total of 161 patients having a con- 
current sling placed. Overall, sling placement resulted in 
a 92.5% subjective cure of stress incontinence. Of the 56 
patients who had preoperative voiding dysfunction, there 
was complete resolution of their symptoms postoperatively 
in 51 (91%) patients. De novo voiding dysfunction occurred 
in two patients (1.9%), and one patient (0.6%) required 
sling revision. The authors concluded that sling placement 
at time of colpocleisis was associated with high continence 
rates with minimal risk of postoperative voiding dysfunction. 

Oliphant et al. (2012), constructed a computer model 
to compare staged and concomitant midurethral slings and 
found that both approaches had similar overall utilities. 
They suggested that surgical decision making should be tai- 
lored to individual patient needs and preferences, and, in 


their model, a staged approach greatly reduced the number 
of urethral slings performed. 

With extreme variations of findings, it remains important 
to judge surgical strategy on a patient-by-patient basis. 


Quality of Life and Regret of Loss of 
Sexual Function 


Given that obliterative surgery relies on patient willingness 
to forego sexual intercourse, proper counseling and infor- 
mation must be provided in order for patients to make 
an appropriate decision. Preoperative counseling should 
include a discussion and documentation regarding sexual 
consequences of vaginal obliteration. In general, however, 
overall satisfaction rates with obliterative procedures are 
very high, with a low overall sense of regret. 

Choosing patients appropriately for obliterative proce- 
dures is based on age, medical comorbidities, desire for sex- 
ual function, and patient preference. For example, an older 
patient may be more amenable to an obliterative procedure, 
given that overall sexual activity decreases over time, with 
40% of 65 to 74 year olds and 17% of women 75 years and 
older reporting sexual activity (Lindau et al. 2007). Comor- 
bidities or desire to avoid general anesthesia may also con- 
tribute to this decision. 

The Pelvic Floor Disorder Network (2008) followed a 
cohort of 152 patients after colpocleisis and measured both 
objective and subjective outcomes at 3 and 12 months post- 
operatively. They found that 82% of patients at 3 months 
and 73% at 12 months had no prolapse. All pelvic symptom 
scores on standardized questionnaires improved. The sat- 
isfaction rate was 95% among this cohort. Fitzgerald et al. 
(2008) studied 132 women 1 year after colpocleisis. All Pel- 
vic Floor Distress Inventory (PFDI) and Pelvic Floor Impact 
Questionnaire (PFIQ) scores showed significant improve- 
ment at 3 and 12 months. In all, 125 (95%) patients said 
they were either “very satisfied” or “satisfied” with the out- 
come of their surgery. 

Hullfish et al. (2007) assessed patients 2.75 years 
(+1.90 years) after colpocleisis. Of the 40 patients who 
returned questionnaires, most agreed or strongly agreed 
that their goals were met for vaginal pressure (100%), uri- 
nary incontinence (84.9%), bladder emptying (76.4%), uri- 
nary frequency/urgency (91.2%), physical activity (88.6%), 
restoration of normal anatomy (95%), colorectal symp- 
toms (65.0%), and self-image (96.9%). Urogenital Distress 
Inventory (UDI; 39.9 + 24.9 versus 21.0 + 20.3, P < 0.01) 


and Incontinence Impact Questionnaire (IIQ, 35.4 + 29.3 
versus 17.3 + 24.6, P < 0.01) scores improved. Of the 
patients studied, 95% were either “very satisfied” or “satis- 
fied,” whereas 5% reported postoperative regret. 

In a retrospective cohort study of 90 women with Stage 
II or IV prolapse, Murphy et al. (2008) compared preoper- 
ative and postoperative responses to the Urogenital Distress 
Inventory (UDI-6) and Incontinence Impact Questionnaire 
(IIQ-7). Vaginal reconstructive and obliterative surgery 
were performed in 45 women per group. Improvements in 
the IIQ and UDI were comparable, as were postoperative 
Surgical Satisfaction Questionnaire scores. 

Barber et al. (2007) conducted a prospective study in 
which women underwent either obliterative or reconstruc- 
tive vaginal surgery based on their personal preference and 
sexual expectations. Of 79 subjects, 70 completed follow- 
up 6 and 12 months after surgery. Both groups demonstrated 
significant improvements in the pelvic organ prolapse, uri- 
nary, and colorectal scales of the PFDI and PFIQ, as well as 
the various scales of the SF-36 (bodily pain, vitality, social 
functioning, role-emotional, and mental health) at 6 and 
12 months postoperatively. Of the women, 90% said that 
they would choose the obliterative surgery again. 


Conclusion 


Obliterative surgery for advanced-stage pelvic organ prolapse 
remains an excellent option for patients who would like to 
avoid an extensive reconstructive procedure or who have 
medical problems that preclude such an option, or in patients 
who no longer desire sexual activity. Le Fort partial colpoclei- 
sis and colpectomy/colpocleisis have very high rates of cure 
and satisfaction among patients. As with any surgical proce- 
dure, patients and providers must discuss the disease process 
and expectations of any surgery in order to determine which 
procedure is most amenable for the individual case. 
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Introduction 


Pelvic organ prolapse and urinary incontinence are common 
conditions in women. Eleven percent of the female popula- 
tion will undergo surgery for prolapse or stress incontinence 
in their lifetime (Olsen et al., 1997). Approximately 30% of 
these women will need a repeat operation for urinary incon- 
tinence, recurrent prolapse, or complications related to the 
first surgery. No standard surgical approach is available to 
patients who suffer from recurrent pelvic organ prolapse 
and/or incontinence. Multiple surgical techniques for recur- 
rence, some incorporating surgical implants of synthetic or 
biologic graft material, have evolved, and some investigators 
have recommended the use of graft material or prosthesis 
for surgeries to repair recurrent prolapse. Since the intro- 
duction of the first commercially available, trocar-guided 
mesh augmentation system or “mesh kit” for vaginal pro- 
lapse in 2004, the use of implants, both synthetic and bio- 
logic, in vaginal reconstructive pelvic surgery has expanded 
rapidly in spite of a lack of clear indications supporting their 
use. In 2010, it was estimated that 300,000 procedures 
were performed for prolapse with 70,000 vaginal mesh pro- 
cedures, 196,000 traditional vaginal reconstructive surgery 
without mesh augmentation, and 34,000 abdominal proce- 
dures with mesh. 

The increased use and wide adoption of vaginal mesh pro- 
cedures from 2005 to 2010 was due in part to the marketing 
of commercially available mesh kits. General gynecologists 
and urologists, who were not subspecialty trained and did 
not usually perform prolapse procedures such as sacrospi- 
nous colpopexy and vaginal paravaginal defect repairs, were 
taught to use these mesh kits during industry-sponsored 
cadaveric anatomy and surgical technique courses. Because 
many of these kits require attachment of mesh arms to 
arcus tendineus fasciae pelvis and/or sacrospinous ligament, 
it is imperative not only to have knowledge of the relevant 


CHAPTER 28 


The Use of 
Biologic Tissue and 
Synthetic Mesh 
in Urogynecology 
and Reconstructive 
Pelvic Surgery 


Marie Fidela R. Paraiso 
Chi Chiung Grace Chen 


Chapter Outline 


Introduction 

Properties of the Ideal Graft Material 
Biologic Properties of Host Tissue 
Properties of Synthetic Material 
Properties of Biologic Tissue 


Urogynecologic Procedures Involving the Use 
of Synthetic Mesh and/or Biologic Tissue 


Clinical Results and Complications Associated 
with Synthetic Mesh 
Abdominal Sacral Colpopexy 
Midurethral Slings 
Transvaginal Prolapse Repairs 
Anterior Compartment 
Posterior Compartment 
Apex 
Complications 
Clinical Results and Complications Associated 
with Biologic Tissue 


Conclusion 


anatomy, but also to have experience dissecting in these areas, 
surgical skills that many general gynecologists and urologists 
do not have. Consequently, in 2008, after more than 1000 
voluntary reports of safety problems to the Manufacturer 
and User Facility Device Experience database, the Food and 
Drug Administration (FDA) released a public health notice 
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regarding complications and adverse events associated with 
the use of mesh in prolapse and stress incontinence pro- 
cedures. In 2011, the FDA released a safety communique 
that updated the public health notification and concluded 
that “serious complications associated with surgical mesh 
for transvaginal repair or pelvic organ prolapse are not rare” 
and “it is not clear that transvaginal pelvic organ prolapse 
repair with mesh is more effective than traditional non- 
mesh repair”. The FDA further recommended that vaginal 
mesh surgery should be selected “only after weighing the 
risks and benefits of surgery with mesh versus all surgical 
and non-surgical alternatives.” The FDA, along with leaders 
from professional societies including the American Urogy- 
necologic Society, also agreed that mesh use in stress urinary 
incontinence surgery is standard of care. Recently, the vagi- 
nal mesh devices were changed from class 2 to 3 devices by 
the FDA and thus are being investigated by 522 postsurveil- 
lance studies for associated safety and efficacy. 

The 2nd International Urogynecological Association 
(IUGA) Grafts Roundtable convened in 2010 and made 
several recommendations regarding patient variables and 
vaginal use of graft/mesh (Davila et al., 2012). Because 
most of the information on patient characteristics is based 
on expert opinions, the decision of whether to use vaginal 
graft/mesh augmentation should be individualized. The fol- 
lowing are some of IUGA's findings: 

1. Age: The age cutoff for patients in whom graft/mesh 
is indicated or contraindicated remains unclear, with 
one study finding a 2.2-fold increase in mesh expo- 
sure rate in women older than 60 years of age (Araco 
et al., 2009). 

2. Recurrent prolapse: Although most experts agreed 
that repair of recurrent prolapse cases may result in 
higher recurrence risks and these cases may need to 
be managed differently than primary prolapse, most 
studies do not make this distinction in their analysis. 

3. Compartment and severity of prolapse: The use of 
graft/mesh may depend on the site and severity of 
prolapse. As discussed elsewhere in the chapter, 
although there may be an anatomic benefit to graft/ 
mesh augmentation in the anterior compartment, 
this may not be the case for the posterior compart- 
ment. Additionally, because there may be an asso- 
ciation between severity of prolapse and increased 
recurrence risk after surgery, some experts would 
consider mesh placement in cases of severe prolapse. 

4. Connective tissue deficiency: There may be a role 
for graft/mesh augmentation in patients with con- 
nective tissue disorders as conditions such as joint 
hypermobility, Marfan’s syndrome, and Ehlers-Dan- 
los syndrome have been associated with prolapse. 

5. Chronic increases in intraabdominal pressure: 
Women with conditions such as chronic constipation 
and/or with occupations that require heavy lifting 
may be at risk for prolapse and may benefit from 
graft/mesh augmentation. 

6. Chronic pain/dyspareunia: Although the main risk 
factor for pain after surgery is pain before surgery, 
de novo postoperative pain and dyspareunia has been 
reported with graft/mesh augmentations. Further- 
more, removal of the implanted material does not 
always lead to complete pain resolution; therefore, 


graft/mesh augmentation in these patients should be 
cautioned. 

7. Pregnancy: Because there is limited information on 
graft/mesh augmentation in patients who become 
pregnant after implantation, these procedures should 
not be performed in patients anticipating becoming 
pregnant in the future. 

8. Diabetes: Poorly controlled diabetes may place 
patients at increased risk for impaired healing after 
surgery and graft/mesh exposure. 

9. Steroid use: Chronic steroid use may be associated 
with delayed tissue healing, which may affect graft/ 
mesh exposure. 

10. Tobacco use: In one study, smokers were 3.7-fold 
more likely to develop mesh exposure (Araco et al., 
2009). 

11. Increased body mass index (BMI): Obese patients 
undergoing vaginal surgery have been found to be at 
increased risk for developing wound infections. In 
one study, women with BMI greater than 30 were 
10.1-fold more likely to develop mesh exposure 
(Araco et al., 2009). 

12. Concurrent vaginal hysterectomy and inverted T col- 
potomy: Women were more likely to develop mesh 
exposure if a concomitant vaginal hysterectomy was 
performed and if an inverted T colpotomy was used, 
with one study finding a 5.2- and 6.1-fold increase in 
risk, respectively (Collinet et al., 2006). 

Vaginal graft/mesh augmentation should only be per- 
formed by skilled surgeons with experience and train- 
ing in these procedures because increased experience has 
been associated with fewer complications, including mesh 
exposure. Surgical techniques specific to these types of pro- 
cedures include making sure that the mesh is not placed 
under tension because mesh may contract after placement. 
However, the ideal method of tensioning is not clear. Syn- 
thetic mesh should be placed without wrinkles within the 
fibromuscular connective tissue layers, well under the vagi- 
nal epithelium. Although a biologic graft may be placed 
over a traditional plication as a reinforcing layer, synthetic 
mesh used in this fashion may be associated with increased 
exposure. Removal of excess vaginal epithelium after these 
procedures should be limited because of tissue contraction. 
Additionally, women with vaginal atrophy may benefit from 
treatment with vaginal estrogen before surgery to improve 
healing. 

Good evidence supports the use of implantation of syn- 
thetic material for abdominal treatment of pelvic organ pro- 
lapse, as noted in Chapter 21. Midurethral sling procedures 
using synthetic materials have similar cure rates compared 
with autologous rectus fascia slings, but with fewer com- 
plications. The tension-free vaginal tape (TVT) procedure, 
a polypropylene mesh midurethral sling, has gained wide- 
spread popularity; it has proven effectiveness comparable 
to Burch colposuspension and is considered the gold stan- 
dard treatment for urodynamic stress incontinence. How- 
ever, the use of synthetic or biologic implants in transvaginal 
reconstructive procedures is less clear as most of the studies 
are case series or prospective cohort studies and different 
types of grafts are used. Although there are now multiple 
studies, including randomized controlled trials, addressing 
the use of implants for vaginal repair of anterior or posterior 
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compartment prolapse, there are several limitations with 

these studies and with comparing different studies: 

1. There are often many variations in surgical technique 
both in traditional repairs as well as in vaginal mesh 
procedures, even the ones that involve commercially 
available mesh kits (e.g., different methods of ten- 
sioning of mesh) making comparison between differ- 
ent studies difficult. 

2. There is no standard definition of success in the dif- 
ferent trials. 

3. Because the ideal mesh or graft does not presently 
exist, studies may have used many different types 
of mesh. Even if type I polypropylene mesh is used, 
because this type of mesh is commercially available in 
different weights, knitted differently, with different 
rigidity and elasticity and the total surface area may 
be different in different procedures, it is not clear if 
these variables have impact on surgical outcomes. 

4. Many studies include a heterogenous patient popu- 
lation such as patients with primary and recurrent 
prolapse. 

5. Many studies, especially older studies, included only 
anatomic outcomes without including validated qual- 
ity of life questionnaire results. 

6. The traditional repair control may not be a truly ade- 
quate control. For example, because advanced anterior 
compartment prolapse is often associated with apical 
prolapse, a traditional anterior colporrhaphy without 
apical suspension may not be an adequate control to 
a vaginal mesh procedure that involve anchoring an 
anterior vaginal mesh to the sacrospinous ligament 
and/or arcus tendineus fasciae pelvis. 

. Follow-up periods are usually short, 1 year or less. 

. Most trials involve fewer than 200 patients. 

. The experiences or learning curves of surgeons per- 
forming mesh kits are not always fully stated or taken 
into account in data analyses. 

Because this is very much an area of active research, and 
recommendations on graft/mesh usage are still evolving, it 
is possible that by the time this chapter is published, expert 
consensus may be different than what is presented in this 
chapter. Presently, several manufacturers promote various 
types of synthetic and biologic materials. No adequate stud- 
ies comparing different implants are known. In this chapter, 
we will review properties of the ideal graft material, host 
tissue, and available implants. The surgical procedures that 
involve mesh implantation, associated clinical results, and 
complications will also be summarized. 


© o N 


Properties of the Ideal Graft Material 


Authors have proclaimed a need for ideal graft materials 
since the mid-twentieth century, and the search continues 
today. The ideal graft would be chemically and physically 
inert, noncarcinogenic, mechanically strong, sterilizable, not 
physically modified by body tissue, readily available, inex- 
pensive, and have minimal risk of infection and rejection 
(Box 28.1). In prolapse and incontinence surgery, the opti- 
mal implant, once healed, would restore normal anatomy 
and function to the vagina and surrounding pelvic organs. 
It would be biocompatible and, if biodegradable, persist 
long enough to allow a durable and adequate repair and 


Chemically and physically inert 
Noncarcinogenic 
Nonimmunogenic 
Mechanically strong 

Not modifiable by host 
Generally available 

Inexpensive 

Resistant to infection 

Resistant to shrinkage 

Pliable 

Various shapes and configurations 


incorporation of the surrounding tissue. It would be resis- 
tant to mechanical stress or shrinkage and be easy to work 
with and pliable. Other desirable criteria include availability 
in the desired shapes for various operations, prevention of 
adhesions at visceral surfaces, and a better, or at least equal, 
response to implantation compared with autologous tissue. 
Unfortunately, at present, none of the synthetic or biologic 
tissue implants meet all of these criteria. 

There are few published articles that directly compare 
synthetic and biologic implants in human subjects. One 
study compared porcine dermal sling to the TVT procedure 
(Arunkalaivanan and Barrington, 2003; Abdel-Fattah et al., 
2004). For sacral colpopexy, Culligan et al. (2005) com- 
pared polypropylene mesh to solvent dehydrated cadaveric 
fascia lata and then later compared polypropylene mesh to 
porcine dermis (Culligan et al., 2013). Literature regarding 
the physical properties of implanted materials is confined 
to animal studies and has been rarely comparative, previ- 
ously analyzing abdominal wall implantation, then a rab- 
bit vagina model (Walter et al., 2003), and most recently, 
vaginal implantation in primates. Walter et al. (2003) were 
successful in using a rabbit vagina model to study graft 
material tensile strength after implantation. It does appear 
however that there is marked variation in biomechani- 
cal characteristics of various meshes available to surgeons 
(Shepherd et al., 2012). 

The most clinically relevant data pertaining to mesh 
implantation in vivo were published by Feola et al. (2013) 
and Liang et al. (2013). These parous primate studies com- 
pared high-stiffness heavy polypropylene mesh (Gynemesh 
PS®, Ethicon) with newer low-stiffness lightweight poly- 
propylene meshes (Smartmesh (Coloplast) and Ultrapro 
(Ethicon)) and sham operations. The meshes were implanted 
during sacrocolpopexy following hysterectomy. The mesh- 
vagina complexes were then harvested after 3 months. 
Active mechanical and passive mechanical properties were 
assessed. Vaginal contractility decreased the greatest with 
Gynemesh PS® compared with the other meshes; Smart- 
mesh resulted in the greatest contractility (Feola et al., 
2013). Deterioration of the mechanical properties of the 
vagina was highest with the stiffest heaviest mesh. 

The same laboratory investigated histomorphology in 
this group of parous primates. Relative to sham and the two 
lower-stiffness lightweight polypropylene meshes, Gyne- 
mesh PS® had the most negative impact on histomorphol- 
ogy and composition, resulting in greatest thinning of vaginal 
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smooth muscle after implantation, increased apoptosis, 
decreased collagen and elastin content, and increased total 
collagenase activity. Glycosaminoglycan, a marker of tissue 
injury, was highest with Gynemesh PS® compared with the 
other meshes and sham operations. The observed maladap- 
tive tissue response to the heavy-stiffness mesh is consistent 
with vaginal degeneration (Liang et al., 2013). 


Biologic Properties of Host Tissue 


Before discussing properties of various implants, the role 
of connective tissue in the pelvic floor must be described. 
Cervigni and Natale (2001) eloquently summarized the bio- 
logic properties of host connective tissue. This supportive 
structure contains fibrous elements (collagen and elastin) 
and a viscoelastic matrix containing proteoglycans (large 
polysaccharides attached to proteins). Connective tissue 
cells determine the biomechanical properties of soft tis- 
sue and are embedded in the extracellular matrix, which 
comprises 20% of the tissue volume. Collagen, a protein 
produced by fibroblasts, is composed of glycine, proline, 
and hydroxyproline. Glycine allows collagen to form a tight 
helix, whereas proline and hydroxyproline form cross-links 
to stabilize the collagen chains. Tensile strength of tissues is 
attributed to collagen fibers. Two fibers found in tissue that 
require strength and flexibility are type I (the most plenti- 
ful and strongest) and type III (less common and randomly 
organized with type I). Elastin and laminin are glycoproteins 
that are thought to play a role in a tissue’s ability to stretch. 
Several authors have shown that the metabolism of collagen 
and/or elastin is disrupted in various pelvic floor disorders. 

After reconstructive surgery, fibrous protein synthesis and 
remodeling reestablish tissue strength with collagen playing 
a central role in wound healing. Immature fibroblasts syn- 
thesize and secrete collagen and proteoglycans within 24 h 
of surgery. During the first 2 weeks after reparative surgery, 
type II collagen is the principal type found. With matura- 
tion of scar tissue, a stronger type I collagen replaces type 
III collagen. Elastin is not synthesized and remodeled to the 
extent that collagen is by humans. Scar tissue resulting from 
wound healing after surgical repair is never as strong as the 
original tissue that it replaces. 

For the scope of this chapter, it is important to sum- 
marize the reaction of host tissue to implanted materials. 
Biocompatibility is defined as the capability of a material 
to cause a favorable reaction in a living system, thus per- 
forming, augmenting, or replacing a natural function in the 
host. Williams (1973) described four types of soft-tissue 
response: (1) minimal response with a thin layer of fibro- 
sis around the implant, (2) chemical response with severe 
and chronic inflammatory reaction around the implant, (3) 
physical response with an inflammatory reaction to certain 
materials and the presence of giant cells, and (4) necrosis 
resulting from in situ exothermic polymerization. 

Four stages of histologic reaction to graft implantation 
have been described by Kaupp et al. (1979). They are: 

Stage 1—During week 1, an intense inflammatory infil- 

trate around the implant, capillary proliferation, gran- 
ular tissue, and the presence of giant cells ensues. 

Stage 2—Within 2 weeks, granular tissue remains and 

foamy histiocytes appear. The number of giant cells 
with foreign body graft fibers may increase or decrease. 


Stage 3—Up to week 4, the acute inflammation dis- 
appears, capillaries are reduced, and the number of 
foamy histiocytes and giant cells increase. 

Stage 4—After week 4, a few collections of giant cells 
are present on the surface of the implant, and dense 
fibrous tissue is present. 


Properties of Synthetic Material 


The available absorbable synthetic mesh implants are poly- 
glycolic acid (Dexon, Davis & Geck, American Cyanamid, 
Danbury, CT) and polyglactin 910 (Vicryl, Ethicon Inc., 
Somerville, NJ). Absorbable implants may be desirable 
because they promote postoperative fibroblast activity, are 
less threatened by infection, do not undergo rejection, and 
are not known to be harmful to viscera. Lamb et al. (1983) 
showed that fibrous deposition into polyglactin mesh can- 
not take place before its absorption. Polyglactin 910 starts 
to hydrolyze during the third week after implantation and 
loses the majority of its mechanical value after 30 days. 
Polyglycolic acid requires 90 days for absorption. Macro- 
phage activation results in mesh absorption and subsequent 
recycling of by-products into new collagen fibers (Levasseur 
et al., 1979). The resultant scar tissue is not as strong as 
the reinforced tissue, as evidenced in animal studies (Klinge 
et al., 2001). 

Nonabsorbable (permanent) synthetic mesh implants 
are either monofilament or multifilament (Fig. 28.1 and 
Table 28.1). The most important physical properties of 
synthetic implants are pore size and porosity. Some authors 
have noted small intrafiber pores (interstices of less than 
10 pm) as a disadvantage of multifilament mesh in compari- 
son to monofilament mesh (Brun et al., 1992; Neel, 1983). 
Most bacteria are less than 1 pm in diameter in comparison 
to granulocytes and macrophages, which are greater than 
10 um in diameter. The pore size plays an important role 
in mesh infection prevention and fibrous ingrowth of sur- 
rounding tissues. When describing the characteristics of 
synthetic mesh, Bobyn et al. (1982) listed type of polymer, 
weave, type of filament, weight, and pore size as important. 
The authors emphasized that the pore size is the key fac- 
tor in determining inflammatory response, fibrocollagenous 
tissue ingrowth, angiogenesis, flexibility (or stiffness), and 
strength. Best mechanical anchorage with collagen infil- 
tration was noted with pore size between 50 and 200 pm. 
Pourdeyhimi (1989) noted that exact pore sizes of vari- 
ous meshes cannot be quoted because measurement is 
technique-dependent. 

Marlex reportedly has the highest flexural rigidity when 
compared with Mersilene, Teflon, and Prolene. Both Mar- 
lex and Prolene are monofilaments, although Prolene 
is more flexible because of its larger pore size. Magni- 
fied views of six types of synthetic mesh are displayed in 
Fig. 28.1. 

Synthetic mesh has been classified as types I to IV, with 
respect to pore size, as described by Amid (1997). Because 
of various problems associated with microporous and multi- 
filament synthetic grafts, all nonabsorbable grafts in use for 
female pelvic reconstructive surgery are type I macroporous 
grafts. Refer to Table 28.1 for various grafts and associated 
properties. 

Type I—is macroporous (pore size >75 pm). 
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(Figures A-D reprinted with permission from Iglesia CB, et al. The use of mesh in gynecologic surgery. Int Urogynecol J. 1997;8:105.) 


Table 28.1 Types and Characteristics of Synthetic Nonabsorable Graft Materials Currently in Use 


for Pelvic Floor Surgery 


Material Brand Name Company Key Properties Sizes (cm x cm) 
Polypropylene in sheets Gynemesh PS™ Gynecare, Somerville, NJ Monofilament 10 x 15 and 25 x 25 
Polyform™ Boston Scientific, Natick, MA Monofilament 10x15 
Restorelle™ Coloplast, Minneapolis, MN Monofilament 8 x20 
Nova Silk™ Coloplast, Minneapolis, MN Monofilament 1S 815 
Y-mesh grafts Restorelle™ Coloplast, Minneapolis, MN Y-mesh 
Artisyn® Ethicon, Sommerville, NJ Y-shaped mesh 
Alyte® Bard, Covington, GA Y-mesh 
Intepro® American Medical Systems, Y-graft 
Minnetonka, MN 
Polypropylene support Uphold Boston Scientific, Natick, MA 
systems Elevate American Medical Systems, 
Minnetonka, MN 
Exair + Digitex Coloplast, Minneapolis, MN 


*All nonabsorbable grafts currently in use for pelvic floor surgery are type | macroporous. 
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Type II—is microporous (pore size <10 um) in at least 
one of its three dimensions. 

Type II—is a macroporous material with multifilamen- 
tous or microporous components. 

Type IV—is submicronic (pore size <1 pm); this type of 
mesh is often associated with type I mesh for adhesion 
prevention in intraperitoneal implantation. 

All types of synthetic mesh have high tensile strength 
(more than 50 N) and all polypropylene mesh is not type I. 
Type I mesh acts as a scaffold for tissue ingrowth (fibroblas- 
tic cell infiltration). Pore size greater than 90 um reduces 
inflammation, and type I mesh has been associated with 
reduced rates of infection. Reduced inflammatory responses 
should decrease erosion. Marlex mesh has a smaller pore size 
and thus has poor tissue ingrowth. Type II and III meshes 
result in greater foreign body reaction when compared 
with type I mesh. Klinge et al. (1999) noted that micro- 
porous mesh had ongoing perimesh inflammatory reaction 
at 18 months. Microporous and macroporous multifilament 
meshes appear to be associated with greater infection rates 
and poor tissue ingrowth that is attributed to fiber makeup 
or less surface tension. Microporous multifilament mesh, 
such as Gore-Tex, is associated with a high infection rate and 
foreign body reaction. At this time, the most evidence-sup- 
ported synthetic material for implantation in the pelvic floor 
is type I macroporous, lightweight, low-stiffness polypropyl- 
ene mesh; however, currently available grafts do not possess 
all qualities of the previously described ideal implant. 

Implant structure was outlined by Cosson et al. (2003). 
The mechanical properties depend on the structure of the 
fabric and the thread. These materials can be woven, knit- 
ted, or unwoven. Plain, twill, and satin are the three types of 
woven materials, and their advantages are strength and good 
memory (Fig. 28.2A). The disadvantages of woven struc- 
tures are fraying and poor conformity. Knitted fabrics consist 
of warp knit, interlock, and circular knit (Fig. 28.2B). The 
advantages of knitted materials are flexibility, versatility, and 
high conformity. The unwoven materials are well-absorbed 
but have the disadvantages of no conformity and poor vis- 
ibility. Composite structures have two surfaces, one of which 
prevents adhesions. The disadvantages of these fabrics are 
that they are rigid and poorly visible. Implants can have perfo- 
rations and be molded into various shapes: kidney, umbrella, 
or a plug. Materials can be structured from monofilament or 
multifilament fibers, which can be twisted, coated, braided, 
or double-braided (Fig. 28.3). Cosson et al. (2003) reported 
mechanical properties of eight types of synthetic implants 
available in Europe from a study performed in collaboration 
with the engineering department of Institut Catholique des 
Arts et Métiers; however, they acknowledged that no recom- 
mendations exist regarding desired resistance or elasticity of 
various implants and this holds true in 2014. Certain materi- 
als had differing values based on orientation (lengthwise or 
widthwise); however, too little is known about how various 
mechanical properties of mesh contribute to the function 
and longevity of a reparative procedure. 

The recent studies by Feola et al. (2013) and Liang et al. 
(2013) on parous primates support lightweight low-stiff- 
ness macroporous polypropylene mesh for improved vagi- 
nal contractility and tissue response when compared with 
heavier weight, higher stiffness meshes. A composite mesh 
has been available for use in pelvic reconstructive surgery. 


Satin weave 
a) Ni _ 
© g 
We uve © 


Y U t Us 
B Wamp knit 
FIGURE 28.2 A, Woven mesh. B, Knitted fabric. (Adapted with per- 
mission from Cosson M, Debodinance P, Boukerrou M, et al. Mechani- 
cal properties of synthetic implants used in the repair of prolapse and 
urinary incontinence in women: which is the ideal material? Int Urogy- 
necol J. 2003;14:169.) 
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FIGURE 28.3 Fiber structure. (Adapted with permission from Cos- 
son M, Debodinance P, Boukerrou M, et al. Mechanical properties of 
synthetic implants used in the repair of prolapse and urinary incon- 
tinence in women: which is the ideal material? Int Urogynecol J. 
2003;14:169-178.) 


This mesh is composed of a monofilament polypropylene 
mesh coated with a hydrophilic porcine collagen (Pelvitex®, 
C.R. Bard Inc., Covington, GA), but it is no longer available 
in the United States. The hydrophilic, absorbable coating 
protects the viscera from risk of adhesion formation dur- 
ing the first 10 to 14 days after surgery when inflammatory 
processes peak. Although few data are available regarding 
the use of this mesh in pelvic floor procedures, adhesion 
formation has been minimized in abdominal hernia repair 
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| Biologic | 
| Allografts | Xenografts | 
= =e 
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| Dermis | Dermis Dermis | Pericardium 
| Fascia l OD Th | Intestinal Submucosa | 
T d 
| Rectus or Fascialata | Bladder Muscularis 


FIGURE 28.4 Biologic tissue implants. 


Table 28.2 Types and Characteristics of Biologic Tissue Implants 


Biologic Tissues 


Autologous graft 
Fascia lata 

Rectus fascia 
Cadaveric fascia lata 


Brand Name 


Tutoplast Suspend® 


Bard Fas Lata® 


Company 


Coloplast, Minneapolis, MN 


Bard, Covington, GA 


Properties/Processing/Sizes (cm x cm) 


Solvent dehydrated, y irradiated, preserved 
ANS 22, A EO RO 

Freeze-dried, irradiated 

ANG Te 12 4x12 8x12 


RediGraft Lifenet, Virginia Beach, VA Freeze-dried, y irradiated, viral inactivated 
306 354 15 
Cadaveric dermis Alloderm® Lifecell Corporation, Branchburg, NJ Freeze-dried 
Repliform® Boston Scientific, Natick, MA Cryopreservation without ice crystal 
damage 
Bard Dermal® CR Bard, Murray Hill, NJ Freeze-dried 
DET PSP 


Tutoplast processed 
dermis Axis™ 


Mentor, Santa Barbara, CA 


Solvent dehydrated, irradiated 


Porcine dermis Pelvicol™ CR Bard, Murray Hill, NJ Acellular collagen matrix 
Pelvisoft™ CR Bard, Murray Hill, NJ HMDI cross-linked 
PelviLace™ CR Bard, Murray Hill, NJ Acellular collagen biomesh, biourethral 
support system 
InteXen AMS, Minnetonka, MN Freeze-dried 
Porcine Surgisis™ Cook Urological Inc., Freeze-dried 
Small intestinal submucosa Stratasis TF Bloomington, IN 7 x 10 cm 4 layer, 8 x 20 6 layer, 
(SIS) 13 x 15 cm 8 layer 
Bovine pericardium Veritas Synovis Surgical Innovations, Non-cross-linked 
St. Paul, MN 2x8cm,2x 18cm, 4x 7cm, 
4x 15cm,6x8&cm 
Bovine dermis Xenform Boston Scientific, Natick, MA Soft-tissue repair matrix 
Cetrix TEI Biosciences, Boston, MA Soft-tissue repair matrix 
Porcine bladder matrix MatriStem ACell, Columbia, MD Soft-tissue repair matrix 


y, gamma; HMDI, hexamethylene di-isocyanate. 


(Mutter et al., 2000; Balique et al., 2000). This mesh is also 
a lightweight monofilament polypropylene thought to main- 
tain strength, increase flexibility, and decrease mesh load on 
the tissues. A lighter weight and load of mesh may decrease 
erosion. Most recently, an “ultralight” 17 g/m? weight mesh 
in a Y-configuration has been prospectively studied with 
short-term follow up to 12 months showing no graft com- 
plications or mesh erosion (Salamon et al., 2013). 


Properties of Biologic Tissue 


Autologous grafts can be harvested, but allograft, xenograft, 
and synthetic materials are widely available, and the morbid- 
ity associated with autologous tissue procurement can be 
undesirable in some patients. Although synthetic materials 


eliminate the morbidity associated with the donor site, they 
have a higher risk of exposure or erosion compared with 
allografts (biologic tissue procured from a source other than 
the recipient) and xenografts (biologic tissue procured from a 
source or species foreign to the recipient). Despite few data 
to support this intervention, some surgeons routinely use bio- 
logic tissue because they consider the host tissue impaired or 
insufficient for successful reconstruction (although for slings, 
host tissue is well proven to be effective). The biologic grafts 
include cadaveric dermis, cadaveric fascia lata (CFL), and col- 
lagen matrix laminates—usually from porcine dermis, porcine 
small intestine submucosa, bovine pericardium, and, recently 
applied to pelvic floor surgery, porcine bladder muscularis 
extracellular matrix (MatriStem, ACell Inc., Columbia, MD) 
(Fig. 28.4; Table 28.2). Each product differs in the type of 
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ARF: Autologous rectus fascia 

AFL: Autologous fascia lata 

CFL: Cadaveric fascia lata 

DA: Dermal allograft 

SD: Solvent dehydrated 

FD: Freeze dried 

SIS: Small intestinal submucosal 
BCM: Bioengineered collagen matrix 


processing and sterilization techniques, giving biologic graft 
materials varying biomechanical and physiologic properties. 
Various abbreviations for biologic tissue used in this chapter 
are listed in Box 28.2. 

Implantation of xenografts has gained popularity in 
reconstructive pelvic surgery because of concerns regard- 
ing availability of human allograft tissue and risk of viral 
transmission. Porcine dermal allografts (DAs) have been 
used in cardiothoracic and general surgery for many years. 
The intended goal of human allograft and xenograft tissue is 
to provide a scaffold of acellular biocompatible material to 
allow infiltration and subsequent replacement of graft tissue 
by the regenerated functional host cells. This acellular mate- 
rial consists of a bioactive and absorbable extracellular tissue 
matrix consisting of proteins, collagen, elastin, and various 
growth factors. Acellularity is a desired quality rendering 
the tissue incapable of eliciting an inflammatory response 
by its implantation (nonimmunogenic), thus decreasing risk 
of infection and erosion after graft implantation. However, 
published data refute that various biomaterials are cell-free. 
Zheng et al. (2005) showed the presence of porcine DNA in 
small intestinal submucosa (SIS) implants for tendon repair. 
This cellular characteristic may increase risk of rejection 
and infection after implantation. Fitzgerald et al. (2000) 
reported that freeze-dried (FD) and Tutoplast CFL retain 
donor class I and II human leukocyte antigen. Choe and Bell 
(2001) proved that FD gamma-irradiated CFL and acellular 
cadaveric DA tissue contained intact DNA. Hathaway and 
Choe (2002) used extraction techniques and DNA ampli- 
fication to show that four commercially processed human 
allografts contained intact genetic material. This is of partic- 
ular concern because of the theoretic transmission of prions 
during allograft implantation. Prions are small proteinaceous 
infectious particles that resist inactivation by procedures 
that modify nucleic acids. Despite the previous findings of 
intact DNA and antigens, there have been no reported cases 
of disease transmission after allograft implantation. 

Tissue processing is very important; however, no consen- 
sus exists on the methods that should be implemented to 
produce the ideal biomaterial. Materials are sterilized by var- 
ious processes, which include freeze-drying, solvent dehy- 
dration, or gamma irradiation. An investigation by Grimes 
et al. (2005) emphasized that little is known regarding the 
effect of sterilization techniques on the structure, mechani- 
cal strength, and biocompatibility of biomaterials. The 
authors showed that all sterilizing methods of SIS (ethylene 
oxide, gamma irradiation, and e-beam irradiation) resulted 
in an increase in the rate of sample degradation. They 
hypothesized that sterilization techniques resulted in the 
release of extractable growth factors. Fitzgerald et al. (1999) 


reported a 17% early sling failure rate with FD-CFL, 
although numerous investigators have refuted their findings 
with the use of similar biomaterials. 

Some biomaterials have been “cross-linked” to delay 
reabsorption, a property that various manufacturers pro- 
moted for success of graft augmentation procedures (a 
premise that has been proven incorrect by a randomized trial 
of rectocele repair (Paraiso et al., 2006)). A potential long- 
term problem with aldehyde cross-linked implants is that 
they may develop foci of mineralization (calcification) that 
can become extensive. Calcification of implants prompted 
one publication by Jorge-Herrero et al. (2001) that evalu- 
ated the influence of two anticalcification pretreatments 
on glutaraldehyde cross-linked bovine pericardium in rats. 
Currently marketed bovine pericardium (Veritas®, Synovis, 
St. Paul, MN) is not cross-linked with glutaraldehyde. Alde- 
hydes are also cytotoxic at higher levels. One porcine dermis 
product is cross-linked and stabilized with hexamethylene 
di-isocyanate (HMDI), making it more permanent and 
resistant to breakdown by collagenases produced by inflam- 
matory cells and fibroblasts. Animal studies in rats have 
shown no evidence of mineralization after HMDI cross- 
linked porcine dermal graft implantation at 2 years (Oliver, 
1987). Thus, whether cross-linking, despite prolonging a 
graft’s existence, renders it more effective in reconstructive 
surgery is unknown. Aldehyde cross-linked implants should 
be avoided because of mineralization. The majority of cur- 
rently available biomaterials used for pelvic floor repair are 
not cross-linked. Some biologic tissues are fenestrated to 
ensure porosity and to enhance fibrocollagenous ingrowth 
and angiogenesis. Fenestrations are thought to decrease the 
risk of seroma formation and infection associated with graft 
implantation. Therefore, some companies recommend fen- 
estration/perforation of the graft before surgical implanta- 
tion and others have fenestrated biologic grafts as part of 
routine processing. 

The following is a summary of the data regarding his- 
tologic properties of various types of biologic tissue after 
implantation. Fokaefs et al. (1997) showed that autologous 
rectus fascia (ARF) persists, neovascularizes, and remod- 
els consistent with noninflammatory scar tissue. Once 
implanted, the ideal biologic tissue (allograft or xenograft) 
would be physiologically identical to ARF. However, in ani- 
mal studies, ARF has shown shrinkage by 50% and reduction 
in tensile strength in up to 30%. Although the histologic fate 
of AFL has not been reported, some authors have shown 
tissue remodeling in patients who underwent sling revision. 
Animal data showed that FD-CFL remodels and is replaced 
with parallel bundles of host collagen at 12 weeks (Walter 
et al., 2003). Meaningful histologic studies for solvent- 
dehydrated (SD) grafts have not been published. In animal 
studies, DA has been shown to have greater thickness than 
SIS at 4 months after implantation. 

Most investigations of biomechanical properties of vari- 
ous biologic tissue and mesh measure tensile strength as an 
end point. Whether this is an adequate test is unknown for 
comparison of the biomechanical properties of biomaterials 
once implanted in the pelvis. A model that measures com- 
pliance and burst strength of the vagina may be more physi- 
ologic. Decter (1993) showed greater tensile strength with 
AFL when compared with ARF because of longitudinal ver- 
sus transverse fibers. The maximum load to failure of ARF 
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was consistent with SD CFL and DA. FD-CFL (gamma- 
irradiated) has less tensile strength than the previously men- 
tioned biologic tissues and has been shown to lose 90% of 
its tensile strength after implantation in the rabbit model. 
Choe et al. (2001) compared autologous tissues (dermis, 
rectus fascia, and vaginal mucosa), cadaveric tissues (decel- 
lularized dermis, and FD gamma-irradiated CFL), and syn- 
thetic materials (Gore-Tex and polypropylene mesh) used 
in sling procedures and evaluated full strip slings versus 
patch suture slings. They found that in rank order for the 
full strip slings, cadaver allografts had the strongest tensile 
strength followed by the synthetics and autologous tissues. 
The tensile strength for the full strip slings was significantly 
greater than for the patch suture slings. In rank order for 
the patch slings, the synthetics and dermal tissues (auto- 
graft and allograft) had the highest tensile strength followed 
by AFL, ARF, and vaginal mucosa. When a patch sling is 
constructed from autograft and allograft tissues, the risk of 
suture pull-through and recurrent stress incontinence must 
be considered. Dora et al. (2004) investigated six materi- 
als for comparison of tensile strength, stiffness, shrinkage, 
and distortion after implantation in rabbit rectus fascia: two 
types of CFL (Tutoplast®, Mentor Corp., Santa Barbara, 
CA; LifeNet, Virginia Beach, VA), porcine SIS (Stratasis®, 
Cook Urological Inc., Spencer, IN), deepithelialized dermis 
(Derm Matrix®, Carbon Medical Technologies, Saint Paul, 
MN, now Intexen, American Medical Systems, Minnetonka, 
MN), polypropylene mesh (SPARC®, American Medical 
Systems), and ARF. The authors showed that human cadav- 
eric fascia and porcine allografts showed a marked decrease 
(60-89%) in tensile strength and stiffness from baseline. 
Polypropylene mesh and autologous fascia did not differ 
in tensile strength from baseline. Comparison of TVT and 
CFL in an in vivo rat model showed that TVT mesh has 
a greater break load and maximum average load than CFL 
(Spiess et al., 2004). 

In conclusion, porcine SIS and FD-CFL have the lowest 
tensile strength before implantation when compared with 
other biologic tissues and synthetic mesh. Patch slings are 
more susceptible to suture pull-through than full-length 
slings. Autologous fascia and polypropylene mesh are the 
only graft materials in comparative animal studies that do 
not weaken after implantation. None of these findings, 
however, can be extrapolated to clinical outcome data in 
humans. 


Urogynecologic Procedures Involving 
the Use of Synthetic Mesh and/or 
Biologic Tissue 


Surgical procedures in which graft implantation has been 
described in urogynecology and urology are shown in Box 
28.3. Most synthetic materials have been used in sacral 
colpopexy and suburethral sling procedures, and the best 
evidence for their use is in these procedures. Implantation 
of biologic tissues also has been reported with these proce- 
dures, but to a much lesser degree. Synthetic meshes and 
biologic tissues have been incorporated by abdominal, vagi- 
nal, and laparoscopic surgery, or a combination of routes in 
reconstructive surgery. Both synthetic and biologic materials 
have been used in repair of anterior, apical, and posterior 


Sacral colpopexy 

Mid-urethral sling 

Pubovaginal sling 

Transvaginal repair of pelvic organ prolapse 
Hysteropexy 

Creation of a neovagina, with or without vaginal suspension 
Fistula repair 

Repair of vaginal evisceration 

Vaginoplastic procedures for sexual dysfunction 
Urethral reconstruction 

Augmentation cystoplasty 

Repair of bladder exstrophy 

Ureteral overlay 

Ureteral segment interposition 


vaginal wall defects. The question remains whether some- 
thing stronger than the native tissue is desired or whether 
damaged structures need to be “bridged” with regenerated 
tissue. 

In general, grafts are indicated when the host tissue is 
insufficient for proper repair and in certain situations in 
which the patient is at high risk for surgical failure. Accord- 
ing to the Third International Consultation for Incontinence 
Committee for Pelvic Organ Prolapse review, insufficient 
data preclude any definitive conclusions with regard to the 
role of prosthetic materials in primary or recurrent prolapse 
surgery. Although there is a suggested theoretical advan- 
tage with graft augmentation, this must be balanced against 
potential morbidity and cost. The use of a CFL bridge to the 
sacrospinous ligament for vaginal vault prolapse in a patient 
with a neovagina and pelvic kidneys has been reported (Muir 
and Walters, 2004). The use of biologic tissue in fistula 
repair, repair of vaginal evisceration after colpocleisis, and 
vaginoplastic procedures for dyspareunia and vaginal stric- 
ture has also been reported. Biologic tissue is used in ure- 
thral reconstruction procedures, augmentation cystoplasty, 
repair of bladder exstrophy, ureteral overlay, ureteral seg- 
ment interposition, and organ regeneration. Further discus- 
sion of these procedures is beyond the scope of this chapter. 


Clinical Results and Complications 
Associated with Synthetic Mesh 


Abdominal Sacral Colpopexy 


A review of 98 articles regarding sacral colpopexy by 
Nygaard et al. from the Pelvic Floor Disorders Network 
(2004) showed success rates for apical support and sup- 
port of all segments to range from 78% to 100% and 58% 
to 100%, respectively. The mean rate of mesh erosion was 
3.4%. Culligan et al. (2005) published a clinical trial com- 
paring CFL and polypropylene mesh for sacral colpopexy. At 
1 year, 89 of 100 patients were followed, and objective cure 
was superior in the synthetic mesh group compared with 
the CFL group: 91% versus 68% (P = 0.007). At 5 years, 
58/100 patients returned with objective cure of 93% and 
62%, respectively (P = 0.02), although subjective cure was 
statistically similar (Tate et al., 2011). 
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For sacral colpopexy, rates of mesh erosion vary by tech- 
nique of mesh placement. Visco et al. (2001) retrospec- 
tively analyzed Mersilene mesh erosion rates in 273 women 
who underwent sacral colpopexy or sacral colpoperineo- 
pexy. Overall risk of erosion was 3.2% for abdominal sacral 
colpopexy and 4.5% for sacral colpoperineopexy (introduc- 
ing abdominally the graft and sutures). Erosion increased 
to 16% if sutures were placed vaginally and attached to an 
abdominally introduced mesh during sacral colpoperineo- 
pexy. If mesh was introduced vaginally, the erosion rate 
peaked at 40%. The median times to mesh erosion were 
15.6 months, 12.4 months, 9.0 months, and 4.1 months, 
respectively. Refer to Chapter 21 for a comprehensive 
review of clinical results and complications after synthetic 
mesh implantation in abdominal sacral colpopexy. 


Midurethral Slings 


The new generation of suburethral sling procedures placed 
under no tension at the midurethra has been associated with 
lower rates of vaginal and urethral erosion or exposure in 
comparison to pubovaginal slings using synthetic materials. 
Mesh materials for all midurethral slings currently avail- 
able on the market, either retropubic or transobturator, are 
macroporous and associated with little inflammation. The 
mechanisms contributing to decreased erosion associated 
with the midurethral slings are unknown. However, they 
include type of mesh material, plastic sleeves used for mesh 
introduction, smaller incisions, minimal dissection, shorter 
procedure times, and low sling tension. Refer to Chapter 20 
for a comprehensive review of clinical results and complica- 
tions after synthetic midurethral sling procedures. 


Transvaginal Prolapse Repairs 


There are many studies, mostly case series, addressing 
vaginal mesh procedures either using commercially avail- 
able mesh kits or surgeon-fashioned mesh placed in similar 
locations. Study limitations were mentioned earlier in this 
chapter, and many of the kits studied are no longer available 
in the United States. In a systematic review addressing the 
efficacy and safety of vaginal mesh kits used to treat vagi- 
nal apical prolapse, with follow-up periods between 26 and 
78 weeks, the success rates were high (87-95%) with 1.5% 
to 6.0% having reoperations requiring anesthesia and mesh 
erosion rate of 4.6% to 10.7% (Feiner et al., 2009). In this 
section, we will limit most of our discussion to randomized 
controlled trials comparing native repair with vaginal mesh 
repairs either with mesh kits or with surgeon-fashioned 
mesh. 


Anterior Compartment 


One impetus for the use of permanent vaginal mesh, espe- 
cially in the anterior compartment, is based on conclusions 
from a randomized controlled trial that found statistically 
equal low rates of anatomic success (30-46%) observed 
with either types of native tissue repair, or absorbable mesh 
augmentation (traditional anterior colporrhaphy, ultralat- 
eral anterior colporrhaphy, traditional anterior colporrha- 
phy with absorbable vaginal mesh) (Weber et al., 2001). 
However, the data were recently reexamined using a com- 
posite of anatomic outcomes and subjective success, and 


89% of women were found to have no objective prolapse 
beyond the hymen with no significant differences in success 
between groups, with one patient undergoing reoperation 
for recurrence 29 months after surgery (Chmielewski et al., 
2011). 

For the anterior compartment, a 2013 Cochrane review 
(Maher et al., 2013) concluded that synthetic mesh leads to 
better objective outcomes than biologic graft, and synthetic 
mesh or biologic graft result in better anatomic outcomes 
than traditional repair. Twenty-one trials compared a variety 
of surgical procedures for anterior compartment prolapse 
(cystocele). Ten compared native tissue repair with graft 
(absorbable and permanent mesh, biological grafts) repair 
for anterior compartment prolapse. Native tissue anterior 
repair was associated with more recurrent anterior compart- 
ment prolapse than when supplemented with a polyglactin 
(absorbable) mesh inlay (relative risk (RR) 1.39, 95% confi- 
dence interval (CI) 1.02-1.90) or porcine dermis mesh inlay 
(RR 2.08, 95% CI 1.08-4.01); however, there was no differ- 
ence in postoperative awareness of prolapse after absorb- 
able mesh (RR 0.96, 95% CI 0.33-2.81) or a biological graft 
(RR 1.21, 95% CI 0.64-2.30). Data on morbidity and other 
clinical outcomes were lacking. Standard anterior repair was 
associated with more anterior compartment prolapse on 
examination than for any polypropylene (permanent) mesh 
repair (RR 3.15, 95% CI 2.50-3.96). Awareness of prolapse 
was also higher after the anterior repair as compared with 
polypropylene mesh repair (28% versus 18%, RR 1.57, 95% 
CI 1.18-2.07). However, the reoperation rate for prolapse 
was similar at 3% after the native tissue repair compared 
with 1.3% (RR 2.18, 95% CI 0.93-5.10) after the anterior 
polypropylene mesh repair and no differences in quality of 
life data or de novo dyspareunia were identified. Blood loss, 
operating time, recurrences in apical or posterior compart- 
ment (RR 1.9, 95% CI 1.0-3.4), and de novo stress urinary 
incontinence (RR 1.8, 95% CI 1.0-3.1) were all significantly 
higher with transobturator meshes than for native tissue 
anterior repair. Mesh erosions were reported in 11.4%, with 
surgical interventions being performed in 6.8%. Addition- 
ally, most trials report lower rates of reoperation for any 
reason including prolapse recurrence and complications in 
the native tissue repair group (Diwadkar et al., 2009). 

Reoperations in the mesh groups are mostly for mesh 
erosions and stress incontinence. It is important to note that 
in many of these trials involving anterior vaginal mesh, the 
anterior mesh usually was anchored at the arcus tendineus 
fasciae pelvis. Most of the literature on synthetic mesh was 
performed with type I polypropylene mesh. However, it is 
not clear if there are any clinical differences if the mesh 
is treated coated with different materials or in the actual 
weave of the mesh. The FDA concluded that “mesh aug- 
mentation may provide an anatomic benefit compared with 
the traditional pelvic organ prolapse repair without mesh, 
this anatomical benefit may not result in better symptom- 


atic results” (FDA Mesh Update 2011). 


Posterior Compartment 


There are even more limited studies addressing the use of 
synthetic mesh in the posterior vaginal compartment with 
most studies consisting of case series. Furthermore, most 
studies do not address the use of posterior vaginal mesh 
in isolation but in conjunction with anterior and/or apical 
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Table 28.3 


Randomized Controlled Trials of Permanent Synthetic Mesh Use in All Vaginal Compartments 


Study Intervention 


Carey et al. 
(2009) 


Traditional anterior, posterior 70 
colporrhaphy, sacrospi- 
nous fixation 


Type | polypropylene mesh 69 


Withagen et al. Traditional anterior, posterior 97 
(2011) colporrhaphy, sacrospi- 
nous fixation, McCall 
procedure, or modified 
Manchester-Fothergill 


Type | polypropylene mesh 93 
Traditional anterior, posterior 33 
colporrhaphy, uterosacral 
suspension or sacrospinous 
fixation 


Sokol et al. 
(2012) 


Type | polypropylene mesh 32 


NS, not significant. 


surgery. Experts have been reluctant to place mesh in the 
posterior compartment because of the high success rates 
associated with traditional posterior repairs (76-90%) with 
less than 10% reoperation rates reported in the literature. 
Additionally, there are concerns of infection with placement 
of a foreign material in close proximity to the rectum. In 
general, the Cochrane Review states that evidence does not 
support the use of any grafts at the time of posterior vaginal 
repair (Maher et al., 2013). 

In one prospective series of 78 patients undergoing only 
transischioanal trans-sacrospinous ligament rectocele repair 
with polypropylene mesh (medium weight coated with 
absorbable hydrophilic film), the objective success rate was 
95% (Pelvic Organ Prolapse Quantification system stage 
<II) with a subjective success rate of 93% after mean fol- 
low-up of 36 months (Mourtialon et al., 2013). Note that 
this describes repair of both rectocele and posterior apical 
prolapse. 

Apex 

In studies that involved vaginal mesh placement in multiple 
compartments, the findings are mixed, with some trials find- 
ing higher anatomic success rates (no recurrence of prolapse 
Pelvic Organ Prolapse Quantification system > stage II in 
any compartment) with mesh surgery compared with native 
tissue repairs, whereas other studies finding no difference in 
outcomes between the groups. However, even in the studies 
with significant differences in outcomes, there were no dif- 
ferences in success of the apical compartment. Irrespective 
of anatomic outcomes, all studies found similar subjective 
success between groups. In a systematic review comparing 


Number of Patients Follow-up 


Anatomic Failure Comments 


2Stage Il P= 0.07 

34% Most recurrences occurred in 
the anterior compartment. 
No subjective differences in 
treatment groups 

Reoperation rates (6%, 4%, NS) 
19% Mesh exposure 5.6% 
De novo dyspareunia (15%, 
17%, NS) 
P <0.001 


12 months 


12 months 2Stage Il or 
repeat surgery 
45% No difference in apical failure 
Patient Global Impression of 
Improvement scores were 
similar 
Reoperation rates (4%, 0%) 
Mesh exposure 16.9% 
9.6% 
2Stage Il 
69.7% 


P=NS 

No subjective differences in 
treatment groups 

Reoperation rates (0%, 9%, 
P=0.017) 

Mesh exposure 15.6% 

De novo dyspareunia (21%, 
9%, NS) 

Trial stopped enrollment at 
3 months because of mesh 
exposure 15% reached 


12 months 


62.5% 


complications of different apical prolapse repairs, the reop- 
eration rates were statistically similar for vaginal mesh sur- 
gery (8.5%), traditional repair (5.8%), and open laparotomy 
(7.1%), but the vaginal mesh surgery studies had the short- 
est follow-up periods (Diwadkar et al., 2009). The FDA 
concluded that “there is no evidence that transvaginal repair 
to support the top of the vagina (apical repair) or the back 
wall of the vagina (posterior repair) with mesh provides any 
added benefit compared to the traditional surgery without 
mesh.” 

The randomized controlled trials that have addressed 
vaginal absorbable and permanent mesh placement in any 
vaginal compartments to native repairs have reported mixed 
posterior-compartment-specific outcomes (Table 28.3). It 
is important to note that in these studies, the women who 
underwent posterior repairs with or without mesh place- 
ment may have also undergone anterior repair and/or apical 
procedures. 


Complications 


Overall, reported complication rates with vaginal mesh sur- 
gery range from 1% to 15% and can involve mesh exposure, 
transient to debilitating pain, vaginal constriction, perfora- 
tion or mesh erosion into the bladder or bowel, and fistula 
formation. Mesh exposure is the most common complication 
occurring in 1% to 19% of repairs based on data from case 
series and randomized controlled trials; a systematic review 
found a summary incidence of 10.3% (95% CI, 9.7%-11%) 
(Abed et al., 2011). Reported risk factors for mesh exposure 
included concomitant hysterectomy and use of inverted-T 
colpotomy incision, age >60 years, smoking history, diabetes, 
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urogenital atrophy, increased weight, somatic inflammatory 
disease, and surgeon inexperience (Elmér et al., 2012). 
Commonly reported mesh exposure symptoms included 
vaginal odor and discharge as well as dyspareunia and pain 
experienced by the patient and/or sexual partner. Twenty- 
one percent of cases were successfully treated with conser- 
vative measures such as vaginal estrogen, 11% were excised 
in the surgeon’s office, and 56% were excised in the operat- 
ing room. Other complications include pelvic, groin, or but- 
tock pain (2.9-18.3%) and de novo dyspareunia (2.2-27.8%) 
with a systematic review finding a summary incidence of 
8.9% (95% CI, 8-10%). Symptomatic mesh contracture has 
also been reported (0.4-11.7%). Typically, complications 
such as visceral perforations are uncommon, with 0.7% to 
2.3% bladder perforation and 0.2% rectal perforation. 

Initial case series of anterior vaginal mesh repairs found 
relatively high rates of de novo stress incontinence after pro- 
lapse surgery. In a randomized comparison of anterior vagi- 
nal mesh placement compared with traditional repair, the 
risk of developing de novo stress incontinence was 32% in 
the mesh group compared with 8% in the traditional repair 
group (P = 0.038) (Ek et al., 2010). Twelve percent of 
women experienced stress symptoms before and after tra- 
ditional repair surgery, whereas 6% of women experienced 
stress symptoms before mesh surgery compared with 32% 
of women after surgery. 

Another concern with vaginal mesh placement is the pos- 
sible worsening of prolapse in the untreated compartment. 
In a randomized controlled trial addressing vaginal place- 
ment of mesh in any compartment compared with tradi- 
tional prolapse surgeries, overall de novo prolapse was 47% 
in the mesh group compared with 17% in the traditional 
repair group (P <0.001) and more women with de novo 
prolapse were bothered by the prolapse (Withagen et al., 
2012). 


Clinical Results and Complications 
Associated with Biologic Tissue 


Most investigations are industry-sponsored and thus are at 
risk for research bias. No prospective studies have directly 
compared various types of biologic tissue in humans. There 
have been no studies comparing cost of procedures involv- 
ing tissue implantation with traditional surgical procedures. 

The most obvious advantages of biologic tissue implanta- 
tion are avoidance of donor site morbidity and reduction 
in operative time. Walter et al. (2003) showed increased 
operative time and postoperative pain with AFL. Fifty 
percent of patients reported continued donor site pain at 
25 months, with 13% of patients reporting dissatisfaction 
with the procedure. Surgical outcome with AFL is similar 
to ARF. Wright et al. (1998) reported higher morbidity 
associated with an increase in operative time and hospital 
stay with ARF compared with cadaveric tissue. Some inves- 
tigators have shown an increased risk of ventral hernia after 
procurement of ARF. 

Suburethral sling procedures using ARF have been asso- 
ciated with a long-term cure rate of 87% (Chaikin et al. 
1998; Smith et al. 2005; Albo et al. 2007; see Chapter 
19). In a survey of the IUGA in 2002, 12% of members 
reported the use of CFL for suburethral sling material. 
CFL has been shown to be equally effective in short-term 


surgical outcome to ARF and AFL (Elliot and Boone 2000; 
Handa et al. 1996; Walsh et al. 2002; Wright et al. 1998). 
One institution reported a 38% failure rate at 11 months 
after bone-anchor pubovaginal sling in 154 patients and thus 
abandoned the use of CFL in all sling procedures (Carbone 
et al. 2001). Intermediate- and long-term surgical outcome 
in most investigations show greater cure rates with autolo- 
gous tissue when compared with allografts. Variability in tis- 
sue processing or host factors may account for some failures 
with CFL slings. Some authors have reported an 85% to 
95% short-term cure rate with cadaveric dermal allograft 
(CDA) suburethral slings. The disadvantages of CFL and 
CDA include availability, possible risk of infection, and pos- 
sible reduced durability. 

FD-CFL use in sacral colpopexy has been associated with 
high rates of failure in one series (Fitzgerald et al. 1999), 
although another investigation showed 95% cure at the vagi- 
nal apex in 19 patients at 1 year (Flynn et al. 2005). Fitzger- 
ald et al. (1999) reported a high reoperation rate (13 of 
102) after sacral colpopexy (67) and suburethral sling (35) 
procedures in which FD-irradiated CFL was implanted. 
Histologic specimens showed graft autolysis and rejection. 
The authors concluded that risk of failure outweighs the 
benefits of decreased erosion risk associated with biologic 
materials for this procedure. The authors expressed their 
concerns regarding freeze-drying or gamma-irradiation pro- 
cessing of allografts as factors increasing the risk of autoly- 
sis. Blander and Zimmern (2000) found that the histology 
of failed CFL sling procedures demonstrated collagen with 
almost complete acellularity, with no evidence of capillary 
or fibroblast ingrowth. 

Kammerer-Doak et al. (2002) reported vaginal ero- 
sion of CFL in 23% and 27% of patients after 11 abdomi- 
nal sacrocolpopexies and 22 suburethral sling procedures, 
respectively. Fifty percent of patients required surgical 
intervention under local anesthesia. The authors noted an 
association with perioperative febrile morbidity. The use of 
cadaveric dermis in pubovaginal sling procedures proved to 
be disappointing with intermediate follow-up (Owens and 
Winters 2004). Gandhi et al. (2005) did not show signifi- 
cantly improved outcomes after 2 x 4 cm SD-CFL augmen- 
tation of anterior repair in a randomized clinical trial of 154 
patients, 76 with and 78 without an allograft patch, with 
median follow-up of 13 months. Recurrence of anterior vag- 
inal wall prolapse was seen in 21% of the patch group and 
29% of the control group. Logistic regression showed that 
the fascial patch did not reduce recurrent anterior prolapse 
(odds ratio 0.70); however, the presence of a transvaginal 
Cooper’s ligament sling did reduce recurrent anterior pro- 
lapse (odds ratio 0.105; P <0.001). In a multicenter follow- 
up of cadaveric prolapse repair with sling, using SD-CFL in 
132 patients, Kobashi et al. (2002) reported a 10% apical 
failure rate and 18% recurrence of stress incontinence at a 
mean of 12.4 months. Satisfaction or overall improvement 
was reported by 71% of patients. Groutz et al. (2001) used 
SD-CFL (Tutoplast) for cystocele repair, with and without 
pubovaginal sling in 21 patients and reported 100% cure for 
the anterior wall at 20 months, with 9% of patients develop- 
ing a mild recto-enterocele at 4 to 6 months. 

Preliminary data have shown that CDA (AlloDerm) graft 
interposition in cystocele repair is associated with an 84% 
cure rate in 19 patients at 28 months (Chung et al. 2002). 
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Table 28.4 Randomized Trials of Biologic Mesh Used in All Compartments 


Number of Follow-up 
Study Intervention Patients (months) Anatomic Failure Comments 
Culligan et al. (2005) ASC SD-CFL versus PP 89 12 32% versus 9% 
Dahlgren et al. (2011) AR versus PD 132 36 57% versus 62% No clinical benefit for PD 
Menefee et al. (2011) AR versus PD 78 24 58% versus 46% Mesh erosion : PD 4% versus PP 14%, 
versus PP versus 18% Dyspareunia 8% versus 7% versus 14% 
Hviid et al. (2010) AR versus PD 61 12 15% versus 7% Mesh erosion : PD 4% 
Feldner et al. (2010) AR versus SIS 56 12 41% versus 14% Urethral injury SIS 3% 
Excessive blood loss 4% versus 14% 
Dyspareunia 15% versus 17% 
Natale et al. (2009) PD versus PP 190 24 44% versus 28% Mesh erosion : PP 6.3% 
Guerette et al. (2009) AR versus BP 59 24 37% versus 23% No clinical benefit for BP 
Meschia et al. (2007) AR versus PD 201 12 19% versus 7% Mesh erosion : PD 1% 
Sung et al. (2012) PR versus SIS 137 l5 9% versus 12% Wound separation SIS 1% 
Hematoma PR 1% 
Dyspareunia 7% versus 12.5% 
Paraiso et al. (2006) PR versus SS versus 98 17 14% versus 22% Dyspareunia 20% versus 14% 


SIS 


versus 46% versus 6% 


AR, anterior repair; ASC, abdominal sacrocolpopexy; BP, bovine pericardium; PD, porcine dermis; PP, polypropylene; PR, posterior repair; SD-CFL, 
solvent dehydrated cadaveric fascia lata; SIS, porcine small intestinal submucosa; SS, site-specific posterior repair. 


Vaginal paravaginal defect repair with CDA (AlloDerm) 
resulted in a 41% failure rate at 18 months in 33 patients 
(Clemons et al., 2003). Kohli and Miklos (2003) reported 
a 93% cure rate at 13 months in 30 patients who under- 
went site-specific defect posterior repair augmented with 
CDA (AlloDerm). Altman et al. (2005) published a pro- 
spective cohort of 32 patients who underwent rectocele 
repair with porcine dermis. At 12 months’ follow-up 24% 
had rectoceles (>stage II) by clinical examination and 52% 
had rectocele during defecography. The authors concluded 
that augmentation with collagen mesh improved anatomic 
support, but that there was substantial risk of recurrence 
with unsatisfactory anatomic and functional outcome 
l year after surgery. They recommended further evaluation 
before adoption of rectocele repair augmentation into clini- 
cal practice. 

Complications of wound healing have been reported 
with porcine dermis. Moore et al. (2003) reported a graft- 
related complication rate of 20% in posterior repair inter- 
position. Cole et al. (2003) reported a case of encapsulation 
of a porcine dermal suburethral sling, which showed no his- 
tologic evidence of tissue ingrowth. Gandhi et al. (2005) 
summarized histopathology of extirpated HMDI cross- 
linked porcine dermis grafts (Pelvicol) from patients who 
experienced urinary retention after transvaginal Cooper’s 
ligament suburethral sling procedures or tissue specimens 
from those who failed the procedure. Tissue reaction to 
the xenograft varied, including (1) limited remodeling, (2) 
foreign body type reaction, and (3) complete replacement 
of graft by fibroconnective tissue and moderate neovas- 
cularization in cases of recurrent stress incontinence. The 
authors concluded that variability in tissue reaction after 
implantation may result in unpredictable clinical outcomes 
in different patients, raising questions about the overall 
tolerability and efficacy of HMDI porcine dermis grafts in 
pelvic reconstructive surgery. 

A few randomized trials are known involving vaginal 
repair augmentation with SIS. In 2006, Paraiso et al. pub- 
lished a trial comparing traditional posterior colporrha- 
phy and defect-specific repairs of posterior vaginal wall 


prolapse, with and without graft augmentation. In 2011, 
Sung et al. published a similar trial and confirmed our find- 
ings that small intestinal submucosa augmentation of recto- 
cele repairs does not improve anatomic outcomes. 

A recent systematic review of the use of biologic mate- 
rials in urogynecologic reconstruction concluded that 
there is a limited role for the use of biologic grafts in 
urogynecologic procedures. For sacrocolpopexy and rec- 
tocele repairs, the use of a biologic graft adds no ben- 
efit when compared with native tissue repair. The data 
that exist for cystocele repair are conflicting. Issues of 
concern regarding allograft and xenograft implantation 
in urogynecologic repairs include unpredictable host 
response, inflammatory reaction, and graft degradation. 
The purported justification that biologic grafts add tis- 
sue strength without related graft complications is not 
supported by evidence. The data from randomized con- 
trolled trials that include biologic graft implantation are 
summarized in Table 28.4. 


Conclusion 


A handful of prospective studies compare graft augmenta- 
tion techniques with traditional repairs for anterior and/or 
posterior vaginal wall prolapse. Given the imperfect cure 
rates associated with traditional repairs for defects in these 
vaginal segments, especially anteriorly, innovation could 
result in much needed improvement. The greatest poten- 
tial for macroporous synthetic grafts and biologic tissue has 
been seen in augmentation of deficient or weak endopelvic 
fascia and vaginal muscularis in the anterior vaginal wall with 
respect to anatomic cure, although data are not consistent. 
Thus far, using biologic or synthetic graft augmentation for 
posterior vaginal wall prolapse repair is not supported in the 
literature. When bridging a space to support an organ, as 
in sacral colpopexy, the evidence supports a loosely placed 
lighter weight, low-stiffness, macroporous type I polypro- 
pylene mesh with few indications, if any, for biologic tissue. 

For traditional pubovaginal sling procedures, autologous 
fascia placed loosely at the bladder neck is associated with 


high long-term cure rates and low rates of erosion (see 
Chapter 19). The synthetic macroporous polypropylene 
midurethral tension-free slings are considered first-line 
therapy for stress urinary incontinence. 

The 2013 Cochrane Review found 56 trials including 
5954 women with a variety of types of prolapse (Maher 
et al., 2013). The use of grafts (biologic or synthetic) was 
found to reduce the risk of prolapse symptoms and recur- 
rent anterior vaginal prolapse on examination when com- 
pared with native tissue (colporrhaphy). However, the 
advantages must be weighed against disadvantages. There is 
lack of evidence to support total vaginal mesh operations in 
apical and posterior compartment surgery. 

No synthetic or biologic graft material is perfect. More 
randomized trials are needed. New procedures should be 
evaluated prospectively, ideally with controlled trials or 
in large registries, such as the postsurveillance 522 stud- 
ies that are currently under way with existing devices and 
graft material on the market. Random introduction of new 
materials without safety or efficacy data have been associ- 
ated with serious adverse events. Biologic mesh usage in 
urogynecology and reconstructive pelvic surgery may con- 
tinue to increase, despite high costs of graft material and 
lack of evidence because of continued scrutiny of synthetic 
vaginal mesh implantation; however, postsurveillance stud- 
ies are also recommended. Cure rates associated with syn- 
thetic mesh implantation must be equal to or better than 
cure associated with use of autologous tissue or native tis- 
sue repairs. The benefits of decreasing donor site morbid- 
ity must balance the risks of complications associated with 
synthetic mesh. Most surgeons choose to avoid donor site 
morbidity especially in minimally invasive surgery. Current 
or future use of prolapse “kits” that involve tension-free 
implantation of macroporous polypropylene mesh by vagi- 
nal route must improve cure rates despite increased risks 
and cost. Shorter operative times must outweigh the risks 
of infection, erosion, de novo dyspareunia, and other com- 
plications associated with synthetic implants. Biologic tissue 
implantation must also result in equal or better cure rates 
when compared to conventional procedures. The decrease 
in operative time should justify the cost of the biomaterial. 

The data are sparse and surgical series vary with respect 
to type and size of graft used, location of implantation in the 
vaginal wall, location of lateral attachments of the graft, and 
whether the graft is secured with suture or is tension-free. 
Materials of the future will be impregnated with antibiotics, 
growth factors, stem cells, or chemicals to augment stem 
cell homing. Tissue or mesh impregnated with growth fac- 
tors will result in active control of tissue regeneration. Gene 
therapy will likely play a role in future management of pel- 
vic organ prolapse. We are a long way from the ideal bioma- 
terial. Rigorous investigation of surgical implants in pelvic 
surgery is warranted so that surgical repair is safe, effective, 
durable, and economical. 
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Lower urinary tract injury is one of the most serious compli- 
cations of gynecologic surgery and, in addition to causing sig- 
nificant patient morbidity, is a common cause of litigation. 
Between 50% and 90% of all lower urinary tract injuries 
occur during gynecologic surgery because of the intimate 
anatomic relationship that exists between the female genital 
and lower urinary tracts. 

Reviews of the surgical literature reveal two disturb- 
ing facts: most injuries occur during gynecologic surgery 
performed for benign and otherwise uncomplicated condi- 
tions, and most lower urinary tract injuries are not recog- 
nized during the operative procedure in which they occur. 
For these reasons, we emphasize prevention and recog- 
nition of lower urinary tract injuries during gynecologic 
surgery. 
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Incidence 


Historically, the reported rates for injuries during pelvic surgery 
range from 0.2% to 1.8% for bladder injury and from 0.03% 
to 1.5% for ureteral injury. The true figures are thought to 
exceed these numbers given the number of unreported cases, 
the spontaneous resolution of partial ureteral obstructions, 
and the loss of some renal systems. When universal cystoscopy 
was performed in a large cohort of women undergoing hyster- 
ectomy for benign disease, the rate of bladder injury was 2.9% 
and ureteral injury was 1.8%, with a cumulative injury rate 
of 4.3% (Ibeanu et al., 2009). As 600,000 hysterectomies are 
performed annually in the United States, an estimated 25,800 
women could experience a bladder or ureter injury each year 
in this country as a result of this procedure. Laparoscopic and 
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vaginal hysterectomy have been associated with higher rates 
of bladder injury in the United States than abdominal hyster- 
ectomy. Ureteral injury is also more commonly observed after 
laparoscopic (and robotic) hysterectomy. High volume sur- 
geons have demonstrated lower rates of urinary tract injury re- 
gardless of mode of hysterectomy than low volume surgeons. 

Surgery for prolapse or incontinence increases the risk of 
urinary tract injury. Vaginal surgery for anterior and/or apical 
pelvic organ prolapse is associated with an intraoperative ure- 
teral obstruction rate of 5.1% to 11%, most of which are sus- 
tained during high uterosacral ligament suspension, proximal 
McCall culdoplasty, and colpocleisis. Anterior colporrhaphy 
is associated with a 0.5% to 2% risk of ureteral obstruction, 
prompting consideration for routine cystoscopy after this 
procedure as well. Retropubic slings result in a 3% to 5% rate 
of bladder perforation when performed by experienced sur- 
geons, but can occur in up to 34% of cases performed by resi- 
dent trainees, whereas transobturator slings result in bladder 
perforation in less than 1% of cases. If these injuries are rec- 
ognized during surgery, no long-term sequelae are sustained. 

Studies of genitourinary fistulas reveal that the ratio of 
bladder injury to ureteral injury is approximately 5:1. Most 
injuries that result in the formation of genitourinary fistulas 
are not recognized during surgery. 


Prevention of Injuries 


In over 40% of all ureteric injuries, no predisposing factors are 
identified and the surgery that is performed is described as rou- 
tine. Familiarity with the course of the ureter, and maintaining 
ureteric consciousness during each gynecologic procedure, are 
critical. Contributing factors that have been identified in ure- 
teral injuries include bleeding, enlarged uterus, endometriosis, 
adhesions, obesity, and pelvic organ prolapse. An awareness of 
these risk factors, and an attempt to optimize surgical planning 
and execution, are paramount. The liberal use of cystoscopy 
after the injection of indigo carmine dye is strongly endorsed. 


Preoperative Assessment 


The patient’s history, physical examination, and preopera- 
tive laboratory evaluation may suggest abnormal function of 
the urinary tract. Ureteral kinking and obstruction should 
be considered in women who present with massive pro- 
lapse. Sonographic imaging of the urinary tract is useful in 
determining kidney size, detecting ureteral obstruction, and 
estimating urinary residual volumes. A CT urogram docu- 
ments anatomic abnormalities, further defines renal func- 
tion, and localizes ureteric obstruction; it is important in the 
evaluation of complex genitourinary fistulas. A retrograde 
pyelogram may be useful intraoperatively to determine the 
site of ureteral obstruction. Routine preoperative imaging 
studies have not been shown to reduce the incidence of 
operative injuries to the lower urinary tract. 
Cystourethroscopy is indicated in the preoperative evalu- 
ation of hematuria, abnormal urine cytology, persistent or 
recurrent urinary tract infections, lower urinary tract fistu- 
las, urethral or bladder diverticula, urethral and bladder pain, 
selected cases of urinary incontinence, certain vaginal mesh and 
sling complications, and staging of gynecologic malignancies. 
Preoperative retrograde ureteral stent or catheter place- 
ment has not been shown to reduce the incidence of sur- 
gical injury to the ureter. The procedure itself may cause 


bleeding, edema, and perforation of the ureter. The stent is 
often difficult to feel within an area of fibrosis, and it may 
predispose the ureter to damage as a result of the immobil- 
ity that it imparts to the ureter. 


Intraoperative Care 


The pelvic surgeon should always be ureter conscious. Full 
knowledge of the anatomic location and course of the ure- 
ters is paramount to injury prevention. Visualization of ure- 
teric peristalsis may not be adequate evidence of ureteral 
patency. One can always find the ureter on the medial leaf 
of the broad ligament after opening the roof of the pararec- 
tal space and dissecting medial to the iliac vessels. 

The most common location of ureteral injury during hyster- 
ectomy is in the distal 3 to 4 cm of the ureter where the ureter 
crosses under the uterine artery in the cardinal ligament, and 
then across the lateral vaginal fornix to enter into the bladder. 
Potential sources of ureteric injury are demonstrated in Fig. 
29.1. One must recognize that the close anatomic relationship 
between the uterine artery and ureter in the cardinal ligament 
puts the ureter at risk during each hysterectomy, but it is espe- 
cially vulnerable to lateral thermal spread when electrocautery 
is used for vessel ligation. Familiarity with the specific proper- 
ties of the vessel-sealing instrument that is selected may assist 
with injury prevention. The ureters may also be kinked during 
obliteration of the cul-de-sac, plication of the uterosacral liga- 
ments, or suspension of the vaginal apex. 

In the operating room there is no substitute for appropri- 
ate case selection, good lighting, proper patient preparation 
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FIGURE 29.1 Course of the ureter. Location of potential sources of 
ureteral injury during gynecologic surgery are noted (dotted circles). 
(Walters M, Barber M. Hysterectomy for benign disease. In: Karram M, 
ed. Female Pelvic Surgery Video Atlas Series. Philadelphia, PA: Saun- 
ders Elsevier; 2010.) 
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and positioning, adequate exposure, and strict adherence to 
sterile techniques. Lighting can be improved by the use of 
headlamps, light-containing suction irrigators, or fiberoptic 
lighted retractors. During complicated cases, abdominal- 
perineal-vaginal preparation, drapes that permit access to 
the abdominal and vaginal areas, positioning of the patient in 
universal stirrups, and a transurethral three-way continuous 
irrigation balloon catheter (16 or 18 French) for emptying 
and filling the bladder are recommended. These measures 
give the surgeon the flexibility to operate abdominally or 
vaginally, to perform endoscopy, and to detect and repair 
lower urinary tract injuries if they occur. 

During all surgical procedures, sharp dissection is pref- 
erable to blunt dissection, and taking small pedicles is 
preferred to taking large pedicles. When hemostasis is a 
problem, pressure should be applied with a sponge stick 
until the bleeding vessel can be identified and selectively 
clamped. Many ureters are damaged by the application of 
clamps in a frantic effort to control pelvic hemorrhage. 


Abdominal Approach 


Abdominal incisions should allow adequate exposure of 
the entire pelvis. Entry into the peritoneal cavity should 
be as cephalad as possible to avoid direct cystotomy. The 
surgeon should be aware that the bladder may be pulled 
up beneath the anterior abdominal wall by its peritoneal 
reflection as a result of incomplete emptying, tumor, or 
previous surgery, especially cesarean section. If a cys- 
totomy is sustained in the extraperitoneal portion of the 
bladder, single-layer closure without prolonged catheter 
drainage is adequate. 

Entry into the peritoneal cavity is followed by explora- 
tion of its contents, restoration of normal anatomic relation- 
ships, and exposure of the operative site. Attention is given 
to the location and size of each kidney. With the patient in 
the Trendelenburg position, the bowel may be packed into 
the upper abdomen and retained by a retractor. 


Areolar tissue 
separating 
bladder 


FIGURE 29.2 Sharp dissection of the bladder flap reduces the 
risk of bladder injury. (Modified from Lee RA, Hagen JV. Atlas of 
Gynecologic Surgery. Philadelphia: WB Saunders; 1992. Copy- 
righted and used with permission of Mayo Foundation for Medical 
Education.) 


Bladder: 


At this point, an effort should be made to identify both 
ureters and to trace their pelvic courses. The ureters are 
most easily identified as they descend into the pelvis over 
the bifurcation of the common iliac arteries. They then fol- 
low the posterior boundaries of the ovarian fossae to pass 
beneath the uterine arteries and to course anteriorly and lat- 
erally about the cervix and upper vagina. Each ureter enters 
a separate tunnel within the base of the bladder. Although 
palpation of the ureter between the forefinger and thumb 
imparts a “clicking” sensation and sound, these character- 
istics can also be obtained by palpating other retroperito- 
neal structures. To positively identify the ureter, it is best to 
observe its distinctive periodic peristalsis directly. 

The ureter usually can be dissected away from or out of 
a gynecologic disease process. The aim is to do so with the 
least possible ureteral trauma. Placing the tips of a right-angle 
or Adson tonsil forceps between the adventitial sheath of 
the ureter and the adjacent tissue to guide the dissection is 
helpful. If at all possible, the ureter should not be separated 
from its overlying peritoneum. This attachment protects the 
ureter’s blood supply, elevates it out of the depths of the pel- 
vis (where it might be surrounded by blood and serum), and 
assists its peristalsis. If a portion of the ureter is invaded by 
endometriosis or cancer, it may have to be resected and a 
ureteroneocystostomy or ureteroureterostomy performed. 

Likewise, determining the location and extent of the outer 
wall of the bladder is important. Sharply dissecting the blad- 
der from adjacent pathologic conditions is usually possible. 
Rarely, in some cases of endometriosis or cancer, resecting 
a portion of the bladder wall is necessary. The presence of 
hematuria may indicate that a full or partial-thickness bladder 
injury has been sustained and demands further investigation. 

Increasingly, urogynecologists and reconstructive pelvic 
surgeons are encountering dense adherence of the bladder to 
the posterior symphysis when performing repeat retropubic 
procedures, or to the lower uterine segment in cases of prior 
cesarean section. Sharp dissection of the bladder from the 
lower uterine segment is always recommended (Fig. 29.2). 


FIGURE 29.3 Most cystotomies that occur during vaginal hysterec- 
tomy are in the supratrigonal, transperitoneal portion of the blad- 
der and carry an increased risk for fistula formation if not repaired 
correctly. 


When dense adhesions are encountered, perform an extra- 
peritoneal cystotomy in the dome of the bladder, then dissect 
the bladder and upper urethra from the surrounding tissues 
under direct vision. Experience has shown that this proce- 
dure reduces the extent of damage to both organs. 


Vaginal Approach 


In preparing the patient for vaginal surgery, we drain the 
bladder with a transurethral catheter, and then we some- 
times instill undiluted indigo carmine (5 mL) into the blad- 
der. After this is done, the catheter is clamped or removed 
to keep the dye within the bladder. During surgery, if the 
bladder is partially or completely incised, the blue color of 
the indigo carmine is recognized, alerting the surgeon to 
the bladder injury. If this step has been omitted and fluid 
is encountered during dissection, the bladder can be retro- 
grade filled with either saline mixed with methylene blue 
or indigo carmine and one can look for extravasation of dye. 
This likely is more helpful than cystoscopy. 

During vaginal operations, the surgeon should avoid a 
cystotomy by identifying the trigone and base of the blad- 
der. Unlike an extraperitoneal cystotomy that can occur 
during entry into the abdominal cavity during laparotomy, 
a cystotomy that is sustained during attempted entry into 
the anterior cul-de-sac during vaginal hysterectomy is in the 
supratrigonal, intraperitoneal portion of the bladder and 
carries an increased risk for fistula formation if not repaired 
correctly (Fig. 29.3). Helpful tips for correct bladder iden- 
tification include palpating the balloon of a transurethral 
catheter, inserting a probe or Kelly clamp and palpating 
its tip, or reaching through a posterior colpotomy incision 
around and in front of the lower uterine segment with a 
finger or curved retractor and seeing the tip between the 
bladder and the lower uterine segment. If one can suc- 
cessfully accomplish entry into the anterior cul-de-sac and 
place a vaginal retractor to deviate the bladder and ureters 
out of the surgical field before clamping the cardinal liga- 
ments, the risk of ureteral injury is minimized (Fig. 29.4). 
If a cystotomy is sustained during attempted entry into the 
anterior cul-de-sac, the edges should be tagged with sutures 
and the cystotomy used as a guide for the correct dissection 
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Uterine artery 


Cervix 


| | 
FIGURE 29.4 Ureter anatomy in relation to the uterus at total vagi- 
nal hysterectomy. Upward traction of the bladder during vaginal 
hysterectomy increases the distance of the ureter away from the area 


of clamp placement. (Walters M, Barber M. Hysterectomy for Benign 
Disease. Philadelphia, PA: Saunders Elsevier; 2010.) 


plane. The cystotomy should be closed after completing the 
hysterectomy. 

During vaginal surgery, visualization of the ureter is dif- 
ficult and somewhat hazardous. When the pelvic cavity 
has been opened, it is possible, with experience, to palpate 
the ureters against an appropriately placed vaginal sidewall 
retractor. This is a very important maneuver when operating 
on patients with prolapse and when performing extensive 
culdoplasties. If there is any question about the integrity 
of the ureters or bladder, cystoscopy should be performed. 

Dissection of the anterior vaginal wall exposes the ure- 
thra and the bladder trigone to injury. Most urethral injuries 
result from diverticulum repair, anterior colporrhaphy, ure- 
thropexy, or instrumentation of the urethra. Increasingly, 
urethral injuries are caused by mid-urethral sling proce- 
dures either during the initial dissection, or following trocar 
placement. Urethral injuries, both direct and indirect, may 
damage the organ’s sphincter mechanism and cause stress 
urinary incontinence. 

Removal of vaginal mesh may result in bladder and unrec- 
ognized ureteral injury. Based on reports of severe delayed 
morbidity from unilateral and bilateral ureteral injury fol- 
lowing vaginal mesh removal, routine performance of cys- 
toscopy with these procedures is recommended. 


Laparoscopic Approach 


Increasing numbers of urinary tract injuries have been 
reported since the introduction of laparoscopic surgery. 
In a study where intraoperative cystoscopy following the 
injection of indigo carmine was routinely performed after 
total laparoscopic hysterectomy, the incidence of injury 
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was 4%. Laparoscopically-assisted vaginal hysterectomy 
has demonstrated consistently higher rates of lower uri- 
nary tract injury than either abdominal or vaginal hysterec- 
tomy. The incidence of urinary tract complications appears 
to increase with the complexity of the procedure, likely 
because of adhesions caused by endometriosis, pelvic 
inflammatory disease, or previous surgery. Alternatively, 
ureteral injuries may be increased because of instrumen- 
tation that is used for vessel sealing, or because ureteral 
identification is more challenging when the ureter cannot 
be directly palpated. 

Most bladder injuries result from sharp dissection, 
with or without cautery, during laparoscopically-assisted 
vaginal hysterectomy. Many surgeons believe that the 
incidence of bladder injuries associated with laparoscopi- 
cally-assisted vaginal hysterectomy can be reduced if the 
bladder dissection is done vaginally instead of laparoscopi- 
cally. Most series of laparoscopic urinary continence and 
pelvic support procedures report some bladder and ure- 
thral injuries. The incidence of these injuries appears to 
be related directly to the surgeon’s experience with these 
procedures. 

Comparative studies of laparoscopic versus robotic- 
assisted hysterectomy are currently not large enough to 
delineate any difference in urinary tract injury. The absence 
of haptic feedback with robotic surgery could potentially 
increase the risk of injury. Rates of bladder injury during 
robotic sacrocolpopexy, however, have not been higher than 
during laparoscopic or open sacrocolpopexy. Anecdotal 
reports of extensive bladder and ureteral injury with com- 
plex vesicovaginal fistulae following robotic-assisted hyster- 
ectomy exist. 

A surgical technique that may reduce the risk of ureteral 
injury during any type of laparoscopic hysterectomy is the 
use of a uterine manipulator with either a cervical ring or 
cup that fits tightly into the vaginal fornices. Upward trac- 
tion on the ring during uterine artery ligation and colpotomy 
places the ureters more lateral and decreases the risk of lat- 
eral thermal spread and ureteral injury. 

During laparoscopy, urinary tract injury may be 
revealed by direct observation, injection of dye solution, 
presence of gas in the catheter bag, and detection of bub- 
bles during cystoscopy. If urinary tract injury is suspected, 
cystoscopy should be performed and sometimes repeated. 
If ureteral injury is suspected, a ureteral catheter should 
be inserted. 


Recognition and Management 
of Injuries 


Several general principles apply to the management and 
repair of all lower urinary tract injuries. The administration 
of prophylactic antibiotics is indicated. The extent of the 
damage to the urinary tract must be explored. Devitalized 
tissues must be excised. Urinary tract repairs should be 
performed with small-caliber delayed absorbable (polygla- 
ctin or polyglycolic acid) or absorbable (chromic) suture. 
Absolutely no tension should be placed on the repair site. 
Extraperitoneal suction drainage should be placed adjacent 
to, but not in contact with, all retroperitoneal repairs. Blad- 
der drainage is important to reduce tension within the wall 
of the bladder during the healing phase. 


1. Request the injection of indigo carmine dye at least 10 min 
prior to the anticipated start of cystoscopy to maximize 
surgical efficiency. 

2. If >10 min and no flow of blue urine, give 10 mg 
furosemide IV unless medically contraindicated. 

3. In cases of uterosacral ligament suspension, high McCall 
culdoplasty, and anterior repair, perform cystoscopy 
after each step to facilitate the correct identification of 
any obstructing sutures. If efflux is not observed, release 
offending sutures (in case of uterosacral ligament suspen- 
sion, release distal stitch first) and repeat cystoscopy. 

4. If still no urine flow, attempt to pass a ureteral catheter— 
if successful, leave in place for 4 to 6 weeks to prevent 
postoperative ureteral stenosis. 

5. Perform retrograde pyelogram to identify location of 
ureteral injury. 


Recognition of Ureteral Injury 


All pelvic surgeons should have a clear algorithm for the 
recognition and management of ureteral injury. While the 
use of intraoperative cystoscopy does not usually prevent 
urinary tract injury, it does allow for the early diagnosis and 
repair of injuries and avoids the need for additional sur- 
gery and/or the potential loss of renal function. Box 29.1 
describes the recommended sequence of steps, which are 
described in detail below. 


Intravenous Dye Injection 


Intravenous injection of indigo carmine (slow infusion of 
5 mL) normally results in the excretion of blue urine within 
5 to 10 min. If the dye injection is accompanied by an 
increase in intravenous fluids or the administration of a 
diuretic, dye excretion may be enhanced. In women with 
intrinsic renal disease or in those who are diuretic depen- 
dent, the excretion of dye is delayed. A second dose of 
indigo carmine (5 mL) may be administered; however, 
indigo carmine can be vasoactive and a third dose is not rec- 
ommended. Another mechanism to enhance observation of 
ureteral jets is to administer oral pyridium preoperatively 
and look for orange hue of the urine. If no coloration agent 
is available intraoperatively, one may instill hypertonic gly- 
cine instead of normal saline to distend the bladder. Because 
of differences in specific gravity, the ureteral jets are more 
pronounced (oil in water effect). 

When an intravenous dye, such as indigo carmine, is 
administered, the passage of blue urine means that at least 
one renal unit is functioning. Cystoscopy (suprapubic or 
transurethral) or cystotomy is required for confirmation 
that both ureters are functioning normally. A “sluggish” 
ureteral jet should raise concern that the ureter in ques- 
tion is partially kinked and may become fully obstructed in 
the postoperative period. This may occur when performing 
high uterosacral ligament suspension, and suture replace- 
ment should be considered. If thermal injury to a ureter 
is suspected, observation of ureteral flow is not sufficient 
to ensure against subsequent development of a stricture, 
fistula, or ureteral blowout. In this circumstance, ureteral 
stenting for at least 4 to 6 weeks is required. Leakage of blue 
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urine into the operative field is evidence of lower urinary 
tract injury. This requires further investigation. 


Cystoscopy 


Cystoscopy may be performed transurethrally or suprapubi- 
cally if the patient is not in the lithotomy position. Transure- 
thral cystoscopy is facilitated by the routine use of universal 
stirrups. Suprapubic cystoscopy or telescopy is typically 
performed with a zero-degree scope. When telescopy is 
completed, the cystotomy site may be used for subsequent 
suprapubic catheter bladder drainage. 

The intravenous injection of indigo carmine (5 mL) just 
before cystoscopy enables the examiner to determine ure- 
teric function, as evidenced by the excretion of blue urine. 
When either ureter fails to excrete blue urine, the reason 
must be determined. 


Cystotomy 


A cystotomy is another method of observing the inside of 
the bladder. Ideally, the cystotomy should be placed in the 
extraperitoneal portion of the dome of the bladder. If intra- 
venous indigo carmine is administered, the excretion of blue 
urine helps determine the integrity of each renal unit. This 
technique should be considered, for example, when cysto- 
scopic equipment is not readily available such as in an emer- 
gent cesarean hysterectomy. 


Ureteral Catheterization 


Intraoperative ureteral catheterization is usually performed 
by cystoscopy or cystotomy. The ureters may be catheter- 
ized using a small pediatric feeding tube, open-ended ureteral 
catheter, or ureteral stent (Fig. 29.5). A pediatric feeding tube 
may be easier to pass through the ureteral tunnels than a stent 
because of its flexibility. The tube is usually used intraopera- 
tively to demonstrate ureteral patency, but it can be used for 
short-term postoperative ureteral drainage. If a catheter or 
stent is selected, placement over a flexible guide wire is rec- 
ommended to avoid injury to the ureter. A deflecting bridge 
may facilitate placement, and the catheter or stent(s) may be 
brought out of the urethra or through the dome of the bladder 
and abdominal wall for long-term drainage. Ureteral double-J 
stents are ideal for longer-term ureteral drainage because the 
upper J maintains the catheter within the renal pelvis, and 
the lower J maintains the catheter within the bladder (Fig. 
29.6A and B). The appropriate ureteral catheter length varies 
according to patient height, but the most common size is a 
6-french, 26-cm length catheter. While these catheters have 
the benefit of not being exposed to the external environment, 
they can cause significant bladder irritation and pain. 
Resistance to the passage of a ureteral catheter suggests 
kinking or obstruction of the ureter. The drainage of urine 
through the catheter documents renal function. Catheters 
and stents should be left in place when there are obstructions, 
crush injuries, or ureteral repairs to drain urine from the kid- 
neys, help prevent stenosis of the ureter, and facilitate healing. 


Intravenous Urography 


Intravenous urography may be performed intraoperatively 
to determine renal function and to document the integrity 
of the lower urinary tracts. It requires the use of fluoros- 
copy. Radiologic imaging provides documentation of find- 
ings and can isolate the point of obstruction. This method of 


FIGURE 29.5 Technique of ureteral catheter passage after cystot- 
omy has been performed. 


intraoperative testing is somewhat cumbersome, may miss 
very distal ureteral injury, and it should be done in a manner 
that minimizes radiation exposure. 


Management of Ureteral Injury 


Ureteral angulations and kinks should be released if they 
cause obstruction. A ligated ureter should have the ligat- 
ing suture removed or have a stent left in place until the 
offending suture has dissolved. Minor ureteral crush inju- 
ries may be managed with stenting; significant thermal or 
crush injuries require resection of the damaged segment 
and ureteroneocystostomy or ureteroureterostomy. On 
occasion, partial lacerations of a ureter can be repaired by 
appropriate placement of several fine absorbable or delayed 
absorbable sutures. Complete lacerations of the ureter and 
loss of a segment of ureter require definitive surgical repair. 

In the event of delayed recognition of ureteral injury, an 
attempt is first made to pass a retrograde stent into the ureter. 
If this is unsuccessful, an attempt at antegrade stent place- 
ment is made. If this fails, the decision to proceed with neph- 
rostomy tube placement versus proceeding immediate surgical 
repair depends on the medical condition of the patient. 

The surgical procedures recommended for ureteral 
repair vary according to the ureteral segment that is involved 
(Fig. 29.1). Because most gynecologic injuries to the ure- 
ter involve its distal 4 to 5 cm, most can be repaired by 
ureteroneocystostomy. Injuries just below the pelvic brim 
may be repaired by ureteroureterostomy or ureteroneocys- 
tostomy. Ureteroneocystostomy is not recommended for 
injuries above the pelvic brim. 


Ureteroneocystostomy 


Ureteroneocystostomy is the procedure of choice for injuries 
involving the terminal 4 to 5 cm of either ureter (Fig. 29.7) and 
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FIGURE 29.6 A, Demonstration of distal right ureteral injury managed by retrograde stenting of the affected ureter via bladder dome cys- 
totomy. (Modified from: Lee RA, Hagen JV. Atlas of Gynecologic Surgery. Philadelphia: WB Saunders; 1992. Copyrighted and used with permission 
from Mayo Foundation for Medical Education.) B, 6-Fr x 26 cm double-} stent that is passed over a guide wire. 
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FIGURE 29.7 Schematic overview of ureteroneocystostomy. A, Site in the bladder dome is chosen for future reimplantation of the ureter. 
B, The ureter is brought within the bladder using the previously tagged suture. C, Completed anastomosis. D, Serosa sutures further stabilize 
the anastomosis. E, Inside of bladder. F, Outside of bladder after completed ureteroneocystostomy. (Modified from Lee RA, Hagen JV. Atlas of 
Gynecologic Surgery. Philadelphia: WB Saunders; 1992. Copyrighted and used with permission of Mayo Foundation for Medical Education.) 


438 PART 5 Surgical Complications and Their Management 


Illiopsoas 
muscle 


Tied distal end 
of ureter 


FIGURE 29.8 Vesicopsoas hitch, used for distal ureteral injuries in 
which there is tension on a ureteroneocystostomy or ureteroure- 
terostomy. This technique brings the bladder cephalad to relieve 
tension on the suture site. (Modified from Lee RA, Hagen JV. Atlas of 
Gynecologic Surgery. Philadelphia: WB Saunders; 1992. Copyrighted 
and used with permission of Mayo Foundation for Medical Education.) 


can be performed via laparotomy, laparoscopy, or with robotic 
assistance. The distal ureteral segment is ligated with perma- 
nent suture at its entry into the bladder. If the proximal ureter 
has a nonviable segment, this is excised. The end of the ureter 
then is tagged with a long through-and-through suture. The 
bladder may be mobilized by the release of its attachments 
to the posterior surface of the pubis. An extraperitoneal cys- 
totomy is performed in the dome of the bladder, and the base 
of the bladder is displaced toward the end of the injured ure- 
ter. A Kelly clamp is used to make a direct puncture through 
the full thickness of the base of the bladder at an appropriate 
location to allow the tagged distal end of the ureter to be 
brought into the bladder. When this is accomplished, and at 
least 1 cm of ureter is inside of the bladder, the end of the 
ureter is spatulated bilaterally, and its distal flaps are secured 
to the inside of the bladder with No. 3-0 chromic sutures. 
The adventitia of the ureter is anchored to the outside of the 
bladder with several No. 3-0 delayed absorbable sutures. 
Most importantly, no tension should be placed on the 
ureter or the bladder at the site of the ureteroneocystos- 
tomy. If there is tension on the anastomosis, it should be 
relieved by a vesicopsoas hitch procedure (Fig. 29.8), with 
or without a Boari-Ockerblad flap (Fig. 29.9). If a vesico- 
psoas hitch is needed, it is best performed before reimplan- 
tation or reanastomosis of the ureter. Surgeons differ on the 
need for ureteral stenting following ureteroneocystostomy. 
If there is any question about the use of a stent, one should 
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FIGURE 29.9 Boari-Ockerblad bladder flap. A, Bladder flap is out- 
lined on the bladder. B, Site of future ureteral reimplantation. C, End- 
to-side ureteral anastomosis completed and double-} ureteral stent 
placed. D, Cystotomy closure completed and (not shown) psoas 
hitch performed to keep anastomosis off tension. (Modified from Lee 
RA, Hagen JV. Atlas of Gynecologic Surgery. Philadelphia: WB Saun- 
ders; 1992. Copyrighted and used with permission of Mayo Foundation 
for Medical Education.) 


be used. The site of the anastomosis should be drained by an 
extraperitoneal suction drain. The cystotomy is closed and 
the bladder drained continuously for at least 7 days. 


Ureteroureterostomy 


The simplest ureteroureterostomy involves the tension-free 
reanastomosis of two cut ends of a ureter. When there is 
loss of a ureteral segment, there may be a need for blad- 
der or kidney mobilization, a bladder extension procedure, 
transureteroureterostomy, or the interposition of an intesti- 
nal segment. 

In performing a ureteroureterostomy, the viable cut ends 
of each ureteral segment are spatulated for a distance of 
about 0.5 cm to help prevent stenosis of the anastomosis. 
A ureteral catheter is inserted into the ureter to bridge the 
anastomotic site. Four to six interrupted full-thickness No. 
4-0 chromic sutures are used to perform the anastomosis. 
The anastomotic site is drained by an extraperitoneal suc- 
tion drain to prevent the accumulation of blood, serum, or 
urine. This drain should remain in place until the ureteral 
catheter has been removed. The ureteral catheter should be 
left in place for at least 7 days. Postoperative bladder drain- 
age is usually recommended. 
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Bladder Mobilization and Extension 


When performing a ureteroneocystostomy or ureteroure- 
terostomy, no tension should be placed on the site of the 
anastomosis. Dissection of the retropubic space (of Retzius) 
frees the bladder from its attachments to the posterior 
symphysis and allows it to be mobilized toward the site of 
the repair. If this is done and there is still some tension on 
the anastomosis, the surgeon should consider performing a 
psoas hitch or bladder extension procedure. 

The vesicopsoas hitch is performed by placing one or 
two fingers through an extraperitoneal cystotomy and push- 
ing the bladder toward the psoas muscle on the side of the 
anticipated ureteral repair (see Fig. 29.8). When it is deter- 
mined that the displacement of the bladder will allow a 
tension-free repair, the outer muscular wall of the bladder 
is sutured to the psoas muscle with several interrupted No. 
2-0 or 1-0 delayed-absorbable sutures. The attachment of 
the bladder to the psoas muscle must also be tension free to 
prevent pressure necrosis around the sutures and premature 
detachment of the bladder. Care should be taken to avoid 
injuring the femoral and genitofemoral nerves when anchor- 
ing the bladder to the psoas muscle. 

If dissection of the retropubic space and a psoas hitch do 
not give enough mobility to the bladder to allow a satisfac- 
tory ureteral implantation or reanastomosis, the creation of 
a bladder flap made into a tubular structure and ureteral 
implantation should be considered. The Boari-Ockerblad 
bladder flap (Fig. 29.9) and the Demel bladder flap differ 
primarily in the direction of excision of the full-thickness 
bladder flap. In either case, the flap must have a wide base 
to ensure an adequate blood supply. The flap is made tubu- 
lar by suturing together its lateral margins, and the cut end 
of the ureter is brought near the end of the flap in much the 
same way as one would perform a ureteroneocystostomy. 

In rare circumstances involving loss of a large portion of 
the ureter, bridging the gap between the cut end of a ureter 
and the bladder is possible by performing an ileoureteroneo- 
cystostomy. A segment of ileum of sufficient length and with 
adequate blood supply is isolated from the bowel. Its distal 
end is sutured to a cystostomy site in the dome of the blad- 
der, and the cut end of the ureter is implanted into its proxi- 
mal end. The continuity of the ileum is then reestablished. 


Transureteroureterostomy 


When so much of the ureter has been lost that it is impossi- 
ble to perform a ureteroneocystostomy or ureteroureteros- 
tomy, a transureteroureterostomy should be considered. In 
performing a transureteroureterostomy, the proximal ureter 
is mobilized and passed retroperitoneally below the inferior 
mesenteric artery and in front of the great vessels to meet 
the opposite ureter. The recipient ureter is longitudinally 
incised, and an end-to-side anastomosis is performed using 
full-thickness No. 4-0 absorbable sutures. The anastomosis 
should be watertight but not ischemic. The anastomotic site 
should be drained by an extraperitoneal suction drain. Ure- 
teral catheters are not usually necessary. 


Cutaneous Ureterostomy 


A cutaneous ureterostomy should not be considered a per- 
manent method of urinary diversion. It may be done when 
the patient’s chances of survival are limited or in cases 
in which the surgeon is not prepared to perform a more 
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definitive repair. The procedure is performed by bringing 
out retroperitoneally the cut end of the ureter through 
the skin and performing a ureteral-skin anastomosis. Ure- 
teral catheters are not usually necessary long term but may 
help provide adequate drainage early in the wound healing 
process. 


Follow-up of Ureteral Repairs 


Extraperitoneal suction drains should be placed to the site 
of, but not in contact with, all internal ureteral anastomoses. 
These drains should remove all blood, serum, lymph, and 
urine that collect near the anastomosis. They are not usually 
removed until all ureteral catheters and stents have been 
removed. 

Continuous bladder catheter drainage, either transure- 
thrally or suprapubically, should be initiated whenever there 
is a cystotomy, ureteroneocystostomy, or ureteroureteros- 
tomy. In the latter case, when there is no cystotomy, the 
bladder catheter may be removed before the ureteral cath- 
eter or stent is removed. 

The repair of ureteral injuries should be followed by an 
intravenous urogram to determine the integrity of the repair 
and the presence or absence of a stenosis. This is also done to 
detect fistulas or conditions that might cause kidney damage. 


Recognition of Bladder Injury 
Bladder Dye Instillations 


If surgery is performed with an indigo carmine solution 
inside the bladder, partial lacerations of the bladder wall 
reveal the underlying blue mucosa. Penetrations and lacera- 
tions of the bladder are indicated by blue dye leaking onto 
the surgical field. The integrity of the bladder wall cannot 
be tested thoroughly until the bladder is filled with 300 to 
400 mL of an appropriate liquid-distending medium (ster- 
ile water or normal saline containing indigo carmine dye or 
sterile milk or infant’s formula). The bladder can be filled 
using a single-channel or double-channel transurethral cath- 
eter. In difficult cases, repetitive emptying and filling of 
the bladder is facilitated by the placement of an indwelling 
three-channel transurethral balloon catheter. 


Warning Signs of Bladder Injury 


Hematuria signifies urinary tract injury until proven other- 
wise. If this is detected intraoperatively, retrograde bladder 
fill as described above will reveal a partial or full-thickness 
bladder wall injury. If a patient is found to have gross hema- 
turia immediately following surgery, bladder injury should 
be immediately investigated. This is readily accomplished by 
retrograde filling the Foley catheter with 300 ml of sterile 
fluid, and then carefully measuring the return once the cath- 
eter is allowed to drain. A negative return signifies extrava- 
sation of the fluid through an unrecognized cystotomy. The 
decision of prolonged catheter drainage versus returning to 
the operating room for surgical repair is case dependent. 
When performing mid-urethral slings, immediate post- 
operative vaginal leakage and/or suprapubic and vulvar 
extravasation of fluid strongly suggest unrecognized blad- 
der perforation with the sling. Identified risk factors for 
trocar injury to the bladder include inexperienced surgeon, 
local anesthesia, previous cesarean section, and previous 
colposuspension. Immediate cystoscopy is recommended 
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FIGURE 29.10 Bladder injury during abdominal hysterectomy com- 
monly occurs during dissection of the bladder from the cervix. 
Defects should be tagged and repaired once the hysterectomy is 
completed. (Modified from Lee RA, Hagen JV. Atlas of Gynecologic 
Surgery. Philadelphia: WB Saunders; 1992. Copyrighted and used with 
permission of Mayo Foundation for Medical Education.) 


as sling removal is easily accomplished at this point. In the 
long term, intravesical mesh can cause bladder pain and 
other irritative symptoms, recurrent urinary tract infection, 
and stone formation and should always be considered in a 
patient with this surgical history. 


Cystoscopy 


Cystoscopy may be performed transurethrally or suprapu- 
bically, as described under the section on the detection of 
ureteral injuries. A thorough examination of the bladder 
requires the use of a 70-degree lens. Detecting and remov- 
ing any suture material and other foreign matter is impor- 
tant as well as determining the location and extent of all 
bladder injuries and their relationship to each ureter and 
the urethra. The bladder must be distended to perform an 
adequate cystoscopic examination. This in itself may help 
identify lacerations of the bladder wall. 


Cystotomy 


A cystotomy may be performed in the extraperitoneal por- 
tion of the dome of the bladder, and the inside of the blad- 


der may be examined thoroughly for injuries. 


Management of Bladder Injury 


Intraoperative repair of bladder injuries varies slightly 
according to the location of the injury. Defects should be 
noted and repaired once the hysterectomy and/or other 
gynecologic procedures are completed (Fig. 29.10). Extra- 
peritoneal lacerations in the dome of the bladder may be 
closed with one or two layers of No. 3-0 absorbable or 
delayed absorbable suture. The suture may be placed in 
an interrupted or running fashion, depending on the type 
and extent of the injury. Some extraperitoneal cystotomies 
in the dome of the bladder may be used for the insertion 
of a bladder catheter for postoperative suprapubic bladder 
drainage. If the defect in the bladder dome is small, such 
as in the case of bladder perforation during placement of a 
laparoscopic trocar, bladder drainage without surgical repair 
is acceptable. 

Transperitoneal lacerations of the bladder and lacera- 
tions of the base of the bladder should be repaired in two 
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FIGURE 29.11 A, After completing the hysterectomy, the bladder 
may be further mobilized and the cystotomy closed in a two-lay- 
ered fashion. B, The peritoneum is mobilized to cover the repair 
and the vaginal cuff is closed. (Modified from Lee RA, Hagen JV. 
Atlas of Gynecologic Surgery. Philadelphia: WB Saunders; 1992. 
Copyrighted and used with permission of Mayo Foundation for Medi- 
cal Education.) 


layers, using No. 3-0 absorbable or delayed-absorbable 
interrupted or running suture. Also, these lacerations 
should be covered by a layer of peritoneum or an omental 
flap (Fig. 29.11). This procedure separates the injury from 
adjacent structures and cushions the repair by adding bulk. 
An omental flap brings in new tissue with its own separate 
blood supply. 

Significant bladder repairs should have continuous blad- 
der drainage for at least 7 days to facilitate healing. 


Recognition of Urethral Injury 


Since the introduction of mid-urethral slings for the man- 
agement of stress incontinence, urethral injuries have 
increased. They can occur with both retropubic and tran- 
sobturator sling placement, and a thorough evaluation of the 
urethra must be included at the end of the cystoscopic por- 
tion of the case. Urethral injury may be more common in 
cases of undiagnosed urethral diverticula. 


Catheter Insertion 


Intraoperatively, urethral injuries are most often diagnosed 
by the surgeon seeing the catheter through an incision in the 
wall of the urethra. Small clamps or probes may be used to 
confirm the injury (Fig. 29.12). 


Urethroscopy 


Urethroscopy is best performed with a special female ure- 
throscope sheath and a zero-degree telescope lens. It can be 
used to detect suture material, foreign matter, diverticula, 
and lacerations of the urethra (Fig. 29.12). 
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FIGURE 29.12 Urethral injury demonstrated with clamp passed 
through urethral meatus next to catheter. 


Management of Urethral Injury 


Lacerations of the urethra should be repaired over a trans- 
urethral catheter in layers using No. 4-0 or 3-0 absorbable 
or delayed-absorbable sutures. If the proximal urethra 
is involved, it is important to buttress the urethrovesi- 
cal junction in an attempt to prevent the development of 
postoperative stress urinary incontinence. The use of a 
bulbocavernosus fat pad transplant should be considered if 
there is a need for additional tissue depth. 


Postoperative Evaluation of Suspected 
Genitourinary Fistulas 


Postoperative genitourinary fistulas may leak urine immedi- 
ately or after several weeks. Any loss of urine from the vagina 
should be evaluated promptly. An algorithm for bedside or 
office evaluation of urine leakage from the vagina is shown 
in Fig. 29.13. If this examination suggests that the leakage 
is caused by a urethrovaginal, vesicovaginal, or ureterovagi- 
nal fistula, it is important to perform endoscopy. In women 
with vesicovaginal or ureterovaginal fistulas, a CT urogram 
must be done to document the function of both renal units 
and to determine whether the fistula involves more than 
one organ. Posthysterectomy vesicovaginal fistulas are usu- 
ally located just anterior to the vaginal cuff. On cystoscopy, 
they are usually located just above the interureteric ridge 
near the midline. Simple vesicovaginal fistulas that occur in 
the vaginal apex following an otherwise uncomplicated total 
hysterectomy are best treated by a partial apical colpocleisis 
(Latzko procedure). 
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FIGURE 29.13 Algorithm for the bedside or office evaluation of sus- 
pected vesicovaginal or ureterovaginal fistulas. 
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Introduction 


Pelvic reconstructive surgery for genital prolapse and stress 
urinary incontinence (SUI) usually results in improved qual- 
ity of life. However, complications from both traditional 
and mesh-augmented prolapse repairs and from placement 
of synthetic slings occur; this chapter discusses these various 
complications and how best to manage them. 

Pelvic organ prolapse and SUI are common and often 
comorbid disorders in women that can greatly affect qual- 
ity of life. Population-based studies report an 11% to 19% 
lifetime risk of women undergoing surgery for one of these 
conditions, with a recurrence of symptoms common in both 
groups. Of the women who undergo a pelvic floor repair, 6% 
to 29% have additional surgery for recurrent prolapse, stress 
incontinence, or related complications (Olsen et al., 1997; 
Smith et al., 2010). By year 7 of the extended Care trial, 
at least 16.7% of patients had additional surgery related to 
pelvic floor disorders, 5.1% for recurrent prolapse, 6.5% for 
SUI, and 5.1% for mesh complications (Nygaard et al., 2013). 

The success initially observed with the use of surgical 
mesh in general surgery combined with the perceived high 
failure rates for traditional native tissue suture repairs for 
prolapse initially led gynecologic surgeons to implement 
surgical approaches that use prosthetic materials. Medi- 
cal device manufacturers have estimated that, in 2006 and 
2007, approximately 30% of pelvic organ prolapse repair 
procedures and 80% of anti-incontinence procedures used 
reconstructive prosthetic materials. However, concerns 
raised around the safety of transvaginal mesh and synthetic 
slings are due to a variety of concerns related to mesh ero- 
sion, pain, vaginal constriction, and other complications. 
Although similar types of complications have occurred with 
native tissue sutured repairs, the perception is that graft- 
related complications have been more severe and difficult 
to manage. 
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Historically, pelvic floor support defects resulting in 
pelvic organ prolapse have been compared to a hernia. 
In 1973, Dr. Stanley Birnbaum described a novel tech- 
nique for treatment of vaginal prolapse in which fixation 
of the vaginal vault with a Teflon mesh bridge anchored 
the vagina to the hollow of the sacrum. This was the initial 
description of a sacrocolpopexy using a synthetic mate- 
rial. A follow-up article 6 years later noted that 20 of 21 
patients treated with this technique maintained good sup- 
port and vaginal function. 

Over the last 15 years there has been a significant 
refinement and improvement in surgical mesh materials 
(see also Chapter 28). Early on, there were problems with 
some surgical meshes that were associated with increased 
erosion and infection rates. In most cases, these meshes 
were microporous multi-filament materials, which usually 
require complete explantation for symptom improvement 
(Occhino et al., 2012). Fortunately, the majority of these 
products have been taken off the market. Most synthetic 
grafts are now Type 1 mesh, meaning that they are macropo- 
rous monofilament polypropylene with a pore size greater 
than 75 um. They can further be divided by weight (heavy, 
mid- or light-weight) (Sanders and Kingsnorth 2012; Amid 
1997). 

Synthetic mesh utilized for prolapse repairs can be placed 
abdominally (abdominal sacral colpopexy) or transvaginally. 
Transvaginal mesh can be self-fashioned, cut to order, or 
packaged in a kit. The first synthetic mesh kit for prolapse 
was FDA approved in 2001, and the first trocar-based kit 
was approved in 2004 (Debodinance et al., 2004). 

Suburethral slings use synthetic mesh for treatment of 
SUI and can be categorized into retropubic, transobturator, 
and single incision (mini-sling) configurations (see Chap- 
ter 20). All of the meshes used for these procedures at the 
present time are macroporous polypropylene with fairly low 
complication rates. 

Many of the complications discussed in this chapter 
are specific to mesh placement, although some can also 
occur with native tissue suture repair. The first portion of 
this chapter will discuss those complications specifically 
related to meshes, and the latter portion will discuss iat- 
rogenic vaginal complications related to native tissue pro- 
lapse repairs. 


FDA Warnings 
On October 20, 2008, the FDA issued a Public health noti- 


fication regarding the use of mesh in gynecologic surgery 
titled “Serious Complications Associated with Transvagi- 
nal Placement of Surgical Mesh in Repair of Pelvic Organ 
Prolapse and Stress Urinary Incontinence.” This was done 
in response to more than 1000 reports of these complica- 
tions involving nine different surgical mesh companies and 
reported through the MAUDE database. The most common 
complications reported were mesh erosion, infection, pain, 
and urinary symptoms. Serious injuries to bowel, bladder, 
and blood vessels did occur but were rare. Several general 
recommendations were made by the FDA at that time, 
based on these reports. These included the following: 
1. Physicians should seek specialized training for proce- 
dures involving the use of mesh, and be alert and rec- 
ognize complications early. 


2. Physicians should inform patients on the permanent 
nature of surgical mesh, and that some complications 
associated with implanted vaginal mesh may require 
subsequent surgery that may or may not correct the 
complication. 

3. Physicians should inform patients about the potential 
for serious complications and the effect on quality of 
life, including pain during intercourse, scarring, and 
narrowing of the vagina after prolapse repairs. 

The FDA continued to investigate mesh complications, 
and, based on an updated analysis of reported adverse 
events and complications described in the scientific litera- 
ture, released a scientific communication on July 13, 2011, 
“Update on Serious Complications Associated with Transvag- 
inal Placement of Surgical Mesh for Pelvic Organ Prolapse.” 
They noted that the use of surgical mesh for transvaginal 
repair of prolapse is an area of continuing serious concern, 
and concluded that “serious complications associated with 
surgical mesh for transvaginal repair of prolapse are not rare.” 
They did not find clear evidence to support increased efficacy 
of mesh repairs when compared to traditional native tissue 
repairs, and noted that patients undergoing mesh placement 
may be exposed to greater risk. It was also stated that mesh 
placed abdominally for the treatment of pelvic organ prolapse 
via sacrocolpopexy had a lower rate of mesh complications 
when compared to vaginally-placed mesh. Finally, mesh used 
to treat stress incontinence was to remain under continued 
investigation, with updates to come at a later date. 

In light of these FDA findings, it is important to under- 
stand the current FDA approval process for new materials, 
as there is a proposed reclassification of surgical mesh used 
for transvaginal repair of pelvic organ prolapse. Current 
mesh products on the market were FDA approved via a 
simplified regulatory process called a “510(k).” This process 
allows new medical devices that are similar to a currently- 
approved FDA device to be approved based on what has 
been termed as a “predicate” device eliminating the need 
for the companies to provide specific efficacy and safety 
data on a new product prior to obtaining FDA approval. 
Historically, transvaginal mesh kits for prolapse repairs were 
considered class II devices. Thus a 510(k) process based 
on a predicate device (synthetic mid-urethral sling) was 
the approval process, even though mesh used for prolapse 
repairs involves significantly increased volumes of mesh 
and involves a different space in which the mesh is placed. 
Currently-approved synthetic mid-urethral slings were 
approved by the same process based upon a prior product, 
the “Protegen sling,” which is no longer on the market due 
to a poor safety profile. 

The FDA is considering a reclassification of vaginal 
meshes from a Class II to a Class III medical device, which 
would require a much more rigourous FDA approval pro- 
cess that mandates premarket testing called a “premarket 
approval” or PMA. If this occurred, then a significant finan- 
cial investment would be required to bring new mesh kits 
to market. On January 4, 2012, the FDA issued what have 
been termed 522 orders requiring postmarket surveillance 
studies for transvaginal mesh devices currently being sold 
for pelvic organ prolapse, as well as single incision (mini- 
sling) kits for SUI. These mandated studies are ongoing 
and, ultimately, will most likely decide the long-term fate 
of these devices. 


Professional Society Guidelines 


The American College of Obstetricians and Gynecolo- 
gists (ACOG) and the American Urogynecologic Society 
(AUGS) issued a Committee Opinion in December 2011 
regarding vaginal placement of surgical mesh for POP repair. 
They made a number of recommendations including the 
following: 

e Surgeons placing vaginal mesh should undergo train- 
ing specific to each device, and should have experi- 
ence with reconstructive surgical procedures and a 
thorough understanding of pelvic anatomy. 

e Repair of pelvic organ prolapse with vaginal mesh 
should be reserved for high-risk individuals in whom 
the benefit of mesh placement may justify the risk, 
such as individuals with recurrent prolapse (particu- 
larly of the anterior compartment) or with medical 
comorbidities that preclude more invasive and length- 
ier open or endoscopic procedures. 

e Compared with existing mesh products and devices, 
new products should not be assumed to have equal or 
improved safety and efficacy unless clinical long-term 
data are available. 

e Patients should provide their informed consent after 
reviewing the risks and benefits of the procedure, as 
well as discussing alternative repairs. 

In addition, the Society of Gynecologic Surgeons 
(SGS) issued a statement in July 2011, advising the 
following: 

e SGS is in agreement with the interpretations and rec- 
ommendations made in the FDA Safety Communi- 
cation. The general consensus is that this reservation 
should not apply to synthetic mid-urethral sling pro- 
cedures or sacral colpopexies utilizing the same mesh 
materials, but further longer-term evaluations of all of 
these procedures is important. 

e For now, thoughtful, discriminant use of trans- 
vaginal mesh to augment vaginal defects should be 
performed by trained surgeons with experience 
in complex reconstructive surgery, and only in 
patients who are perceived to have an unacceptable 
risk of clinical failure when other procedures are 
performed. 

e We should all follow outcomes when we employ new 
procedures, and should feel comfortable about ben- 
efit versus risk before employing them. It is important 
that patients are informed of the risks and benefits of 
any surgical procedure, as well as the specific poten- 
tial adverse events associated with transvaginal mesh 
use, including outcomes that may still be unclear and 
require further investigation. Alternative treatments 
should be explained. 

The International Urogynecological Association (IUGA) 
convened a Grafts Roundtable regarding transvaginal graft 
use in 2010 (Davila et al., 2012), and advised: 

e Individual patient characteristics have to be included 
in the risk-benefit ratio when counseling patients 
regarding transvaginal mesh repair. 

° Informed consent for vaginal reconstructive surgery 
with mesh should include verbal and written review 
with the patient of expected benefits, therapeutic 
alternatives, and potential risks. 
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e Manufacturers should provide detailed product 
description, data on biologic properties, cadaveric 
studies, and well-designed prospective clinical 
trials to support the claimed benefits of the new 
product. 

° A process of added surgeon qualification for transvagi- 
nal mesh placement is desirable. 

The AUGS also issued guidelines for providing privileges 
and credentials to physicians for transvaginal placement of 
mesh for POP. 

In the past, there were few guidelines for surgical 
learning, and physicians usually attended an industry- 
sponsored l- or 2-day course to learn these procedures 
using cadaveric trainers. The new AUGS recommenda- 
tions call for documentation of each of the following: 
(1) knowledge of pelvic anatomy, (2) surgical skill, (3) 
surgical experience, and (4) internal audits for quality 
assurance. Informed consent should highlight potential 
benefits and complications of transvaginal mesh; alter- 
natives including nonsurgical options and other surgical 
treatments; and potential complications of transvaginal 
mesh that may require additional interventions, as well as 
the fact that symptoms may not be completely resolved 
with mesh removal. Furthermore, the surgeon who 
approaches management of mesh complications after 
pelvic surgery should possess a comprehensive under- 
standing of materials utilized in POP repair, pelvic floor 
anatomy, and advanced surgical skills in order to individu- 
alize the management of such complications specific to 
each patient. 

The AUGS in conjunction with the Society of Urody- 
namics and Female Urology recently released a position 
statement on mesh midurethral slings for SUI (http://www. 
augs.org/p/bl/et/blogid=16&blogaid=192). The state- 
ment stated that “Polypropylene mesh mid-urethral sling is 
the recognized worldwide standard of care for the surgical 
treatment of stress urinary incontinence. The procedure is 
safe, effective, and has improved the quality of life for mil- 
lions of women.” Justification for the position statement 
included: 

1. Polypropylene material is safe and effective as a surgi- 

cal implant for midurethral slings. 

2. The monofilament polypropylene mesh midurethral 
sling is the most extensively studied anti-incontinence 
procedure in history. 

3. Polypropylene mesh midurethral slings are the stan- 
dard of care for the surgical treatment of SUI and 
represent a great advance in the treatment of this 
condition for our patients. 

4. The FDA has clearly stated that the polypropylene 
midurethral sling is safe and effective in the treatment 
of SUL. 

In response to increasing complications associated 
with mesh use in gynecologic and urologic surgery, IUGA 
and the International Continence Society (ICS) agreed 
on standardized terminology and a classification method 
for complications associated with insertion of mesh 
(Haylen et al., 2011). Terminology is specifically defined 
in the article and the classification system is based on 
three items: category, time and site (CTS). Chapter 8 
and Appendix D provide details about this classification 
system. 
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Avoiding Synthetic Mesh Complications 
Patient Selection 


The current consensus is that a synthetic midurethral sling 
(via a retropubic or transobturator approach) is the gold 
standard for surgical correction of SUI. However, there has 
been no systematic evaluation of which patients with pel- 
vic organ prolapse should undergo graft-augmented recon- 
structive surgery. Some have argued that use of transvaginal 
mesh should be restricted to patients who fail native tissue 
suture repairs and have a higher stage of prolapse. Other 
commonly cited indications include patients who are not 
sexually active or patients who are believed to be at high 
risk for failure of a native tissue repair secondary to lifestyle, 
body habitus, or other factors. Patients who are chronically 
immunosuppressed (e.g., due to medication for other sys- 
temic diseases or due to underlying disease) or who are cur- 
rent smokers should be similarly approached with caution. 
Unfortunately, there are few data to support any of these 
rationales. 

It seems prudent to avoid transvaginal mesh procedures 
in patients with underlying pelvic pain disorders, such as pel- 
vic floor tension myalgia, interstitial cystitis, or vulvodynia. 
Pelvic surgeons should be aware of the high prevalence of 
female sexual dysfunction in the community, and should 
preoperatively screen patients for a history of dyspareunia, 
pelvic pain, and sexual abuse. Abnormalities of pelvic tone 
or sensation should be elicited during the preoperative physi- 
cal examination by palpating the levators, obturator inter- 
nus, and vaginal sulci and evaluating for signs of vulvodynia. 
Patients who have these findings should be referred to physi- 
cal therapy in the hope of treating the underlying condition 
prior to any surgical intervention. In addition, they should be 
explicitly informed that surgery, if undertaken, is not meant 
to improve these symptoms and may make them worse. 

We believe that patients with severe atrophy and/or 
vaginal ulcers due to severe prolapse or chronic pessary use 
should receive preoperative estrogen therapy for at least 
4 weeks or until the above symptoms resolve. Ideally, these 
patients should continue local estrogen therapy for the fore- 
seeable future following surgery. The optimal time to start 
postoperative local estrogen therapy has not been studied; 
however, we recommend starting about 3 weeks following 
surgery to avoid inadvertent disruption of any suture line 
during insertion of the applicator. 


Surgical Technique/Mesh Selection 


Expert opinion states that the key distinction between mesh 
and sutured repairs is the tissue plane and thickness of the 
dissection. In traditional plication repairs, with which most 
gynecologists are familiar, the vaginal epithelium is dis- 
sected from the underlying pubocervical connective tissue 
(fibromuscularis), which is subsequently plicated in the 
midline with a delayed absorbable suture. Conversely, mesh 
repairs require a “full-thickness” dissection. Successful full- 
thickness dissection requires adequate hydrodissection (not 
typically used with traditional repairs), and dissection is in 
a deeper surgical plane that leaves the pubocervical connec- 
tive tissue attached to the epithelium. This allows, in the- 
ory, decreased risk of vaginal mesh exposure, maintenance 
of better vascular supply to the epithelium, and improved 


healing, with the goal of diminishing graft exposure. Local 
injection with lidocaine plus epinephrine at the time of 
mesh placement has not been shown to increase the risk of 
mesh erosion (Finamore et al., 2011). 

Although the mesh is “suspended” tension-free via the 
arms, the mesh body usually needs to be trimmed and even 
possibly secured to the underlying tissue to prevent roll- 
ing or bunching, as this phenomenon has been observed in 
patients who experience mesh exposure and pain (Hurtado 
and Appell, 2009; Margulies et al., 2008). In general, the least 
amount of mesh needed to accomplish the repair should be 
used, as greater mesh volume is a risk factor for mesh ero- 
sion. The mesh needs to be deployed in a tension-free fashion. 
Excessive tension on the arms has been associated with tight 
vaginal bands, pain, and exposures (Feiner et al., 2009). It is 
unclear whether overtensioning results from mesh shrinkage 
(less likely, as this phenomenon has not been documented 
with sacrocolpopexy) or inadvertent tensioning at the time 
of implantation (more likely) or a combination of factors. A 
thorough understanding by the treating surgeon of the nuances 
of mesh-based repairs is of the utmost importance to reduce 
these complications. In fact, there is evidence that complica- 
tions are higher among providers with less experience. As a 
result, new providers should seek proctoring by experienced, 
unbiased providers until achieving a level of expertise needed 
to safely perform these types of procedures. Additionally, 
documentation and tracking of complications should be man- 
datory for all new implanters to help ensure patient safety. 


Modifiable Risk Factors for Mesh-Related 
Complications 


Published rates for mesh erosion range from 3% to over 
30%; large review articles suggest overall rates between 10% 
and 15% (Abed et al., 2011; Maher et al., 2011). There are 
a number of modifiable patient and surgical factors that 
may help to diminish mesh-related complications (Table 
30.1). A major determinant is material selection. As previ- 
ously discussed, Type II (e.g., microporous materials) and 
Type III (e.g., grafts with microporous components or with 
multifilament weave) synthetic meshes should be avoided 
because of increased risk of mesh-related complications. 
These materials undergo an encapsulation response and are 
more prone to erosion, sinus tract formation, and infection. 
A secondary analysis of the CARE trial showed that Gore- 
Tex mesh use was associated with a 4.5-fold increase risk of 
vaginal exposure compared to macroporous polypropylene 
(Cundiff et al., 2008). Previous devices that utilized Type II 
and Type III materials have been removed from the market 
due to increased risk of mesh-related complications. Com- 
plications associated with these materials require complete 
excision of the mesh and are not the focus of this chapter. 

Smoking increases the risk of mesh erosion, presum- 
ably by inhibiting wound healing. Current tobacco users 
had a 5.2- and 3.2-fold increased risk of mesh exposure 
following sacrocolpopexy and vaginal mesh, respectively 
(Cundiff et al., 2008; Gold et al., 2012). It would seem 
prudent for surgeons to recommend that patients stop 
smoking for at least 1 month before and after elective pro- 
cedures with mesh. 

Increased blood loss during the index surgery greatly 
increased the risk of mesh exposure. In a case control study, 
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patients who experienced excessive blood loss had a 7.3- 
fold increase in mesh exposure compared to patients who 
did not experience excessive blood loss (Gold et al., 2012). 
When excessive blood loss is encountered during these 
procedures, surgeons should consider using suture-based 
repairs. Tissue ischemia due to tobacco use or hematoma 
formation may lead to impaired wound healing. 


Mesh Complications after 
Sacrocolpopexy 


Sacrocolpopexy is an abdominal, laparoscopic, or robotic 
procedure that involves attaching a Y-shaped graft (usually 


Table 30.1 Suggestions to Decrease the Risk 


of Erosion or Exposure after Reconstructive Pelvic 
Surgeries Using Synthetic Grafts 


Patient-Centered 


e Stop smoking before and after surgery 

e Appropriately use vaginal estrogen in postmenopausal 
women before and after surgery in postmenopausal women 
(authors’ opinion) 

e Have regular postoperative follow-up visits with your surgeon 


Physician-Centered 
Preoperative 


e Understand technical aspects and surgical anatomy of the 
planned procedure that involves mesh placement; gain as 
much experience as possible with the procedure 

e Ina patient with uterovaginal prolapse, consider a uterine- 
preserving procedure or a supracervical hysterectomy 

e Educate patients preoperatively on the importance of avoid- 
ing the future development of urogenital atrophy 


Intraoperative 


e Utilize light-weight large-pore polypropylene 

e Use hydrodissection to facilitate the appropriate plane of 
dissection 

e Avoid mesh bunching, taking care to make sure that the 
mesh lies flat 

e Trim mesh appropriately to the specific prolapse repair to 
limit mesh load 

e Consider abandoning mesh placement if excessive blood loss 
is encountered 

e Consider abandoning mesh placement if inadvertent injury 
to urethra (sling placement), bladder, or bowel (mesh- 
augmented prolapse repairs) occurs 

e Avoid overzealous trimming of vaginal mucosa 


FIGURE 30.1 Vaginal mesh ero- 
sion after abdominal sacrocolpo- 
pexy. A, Gortex mesh erosion seen 
transvaginally after abdominal 
sacrocolpopexy. B, Polypropylene 
mesh erosion seen transvaginally 
after abdominal sacrocolpopexy. 


synthetic mesh) to the anterior and posterior vaginal wall 
and securing it to the anterior longitudinal ligament of the 
sacrum. Mesh complications after abdominal sacrocolpo- 
pexy are uncommon and primarily center on mesh or suture 
erosion (Fig. 30.1A and B) An early comprehensive review 
of abdominal sacrocolpopexy revealed an overall mesh ero- 
sion rate of 3.4%. Polypropylene had the lowest erosion rate 
at 0.5%, whereas Teflon had the highest rate of erosion at 
5.5% (Nygaard et al., 2004). Amore recent follow up of the 
CARE trial noted that the probability of mesh erosion at 
7 years increased to 10.5% (Nygaard et al., 2013). 

There are mixed data regarding the risk of mesh erosion 
when sacrocolpopexy is performed with concomitant hyster- 
ectomy. Cundiff et al. (2008), Tan-Kim et al. (2011), and 
Ehsani et al. (2012) all reported an increased risk of mesh 
erosion with concomitant hysterectomy. Brizzolara and Pillai- 
Allen (2003) reported no increased erosion rate in 60 women 
undergoing sacrocolpopexy with concomitant hysterectomy 
when compared to 61 women undergoing sacrocolpopexy 
alone (Ginath et al., 2013). Another study compared mesh 
erosion rates after sacrocolpopexy with concomitant supra- 
cervical hysterectomy as compared to sacrocolpopexy alone. 
A total of 277 patients were included in this study, 195 with 
concomitant supracervical hysterectomy with sacrocolpo- 
pexy and 82 with sacrocolpopexy alone. There were three 
patients with mesh erosion diagnosed at a mean follow-up of 
8 months, one (0.5%) in the supracervical hysterectomy with 
sacrocolpopexy group and two (2.4%) in the sacrocolpopexy- 
alone group, a nonsignificant difference. In their extensive 
review of the literature, de Tayrac and Sentilhes (2013) con- 
cluded that the risk of vaginal mesh exposure is significantly 
increased in cases of sacrocolpopexy associated with con- 
comitant total hysterectomy (8.6%) in comparison to 2.2% in 
women with previous hysterectomy, 1.5% after sacrocolpo- 
hysteropexy and 1.7% after supracervical hysterectomy. 

A variety of risk factors have been identified for mesh and 
suture erosion after sacrocolpopexy. A secondary analysis 
from the Colpopexy and Urinary Reduction Efforts (CARE) 
trial evaluated mesh and suture erosion rates among the 322 
women who underwent sacrocolpopexy (Cundiff et al., 
2008). They identified 20 women (6%) with mesh/suture 
erosion within 2 years of surgery; 3 were suture only and 
17 had exposed mesh. Three identifiable risk factors were 
found: concurrent hysterectomy, which increased erosion 
rate from 4% to 14% in this study population; the use of 
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expanded polytrafluoroethylene (ePFTE; Gore-Tex; GORE 
Medical, Newark, NJ), which had a 4-fold higher risk (19% 
versus 5%) of mesh erosion when compared to non-ePTFE 
mesh; and smoking, which was associated with a 5-fold 
increase in risk of mesh erosion. No other significant factors 
were identified for mesh erosion, including estrogen status, 
diabetes, and prior surgery. The management of the three 
women with suture erosion included simple suture removal, 
and two of the three had confirmed complete healing. Four 
of the 17 mesh erosions were managed without surgery, and 
no resolution was noted in any of these 4. Thirteen women 
underwent at least one surgery, one had two surgeries, and 
one had three surgeries. Of these 13 women, two had symp- 
tom resolution, six had persistent mesh erosion, and five 
were lost to follow-up. 

Managing mesh erosion after sacrocolpopexy may require 
only observation and topical estrogen; however, in the 
authors’ experience, it almost always requires surgical exci- 
sion. Surgical management of mesh erosion after sacrocol- 
popexy can be technically challenging, partially due to the 
high apical location within the vaginal canal, the amount 
of mesh used in the procedure, and the ingrowth of tissue 
into the mesh, making surgical dissection difficult. Vagi- 
nal and abdominal techniques for mesh excision have been 
described. In the authors’ experience, most mesh exposures 
can be successfully managed vaginally by using a technique of 
sharp dissection of the exposed mesh away from surround- 
ing tissue, with aggressive downward traction on the mesh 
(Fig. 30.2 A and B). The mesh is cut away as high as possible 
and the vaginal defect closed. Vaginal entrance into the perito- 
neum significantly facilitates successful removal of the mesh. 

South and colleagues (2007) published their experience 
with excision of mesh in 31 patients after sacrocolpopexy, 
including a novel method for endoscopic-assisted transvagi- 
nal excision of mesh. Vaginal excision involves sharp dissec- 
tion of the vagina around the area of erosion, and excision of 
the mesh with closure of mucosal edges with suture. Endo- 
scopic-assisted transvaginal excision was used for patients 
with a sinus tract at the vaginal apex. The sinus tract open- 
ing was extended using a scalpel if needed to accommodate 
a 17-French cystoscope. The endoscope is placed into the 
sinus tract and advanced toward the sacrum to view the 
extent of the mesh. The scope was used for direct visualiza- 
tion during dissection of mesh from retroperitoneal tissues 
and during mesh excision. Abdominal excision of mesh also 
was done by laparotomy; the presacral space was entered, 
and mesh was detached from the sacrum and removed from 
the vaginal apex. Fourteen women underwent transvagi- 
nal mesh excision, which was successful in 9, whereas 17 
women underwent endoscopic-assisted transvaginal mesh 
excision, which was successful in 7. The overall success rate 
for vaginal excision was 53%. However, multiple attempts 
at vaginal excision were required in several patients for 
symptom resolution. Seven patients underwent abdominal 
excision, each having failed one of the two transvaginal exci- 
sion methods. All had symptom resolution, and no severe 
complications were noted. The abdominal group had two 
intraoperative bowel injuries during lysis of adhesions, one 
wound infection, and one readmission for fever requiring 
antibiotics. It was concluded that complete removal of mesh 
may improve outcomes and decrease persistent symptoms, 
although significant morbidity can occur. 


Although erosion of mesh into the bladder or rectum is 
rare after abdominal sacrocolpopexy, its possibility should 
be considered in women with vaginal mesh exposure, espe- 
cially if the patient also has pelvic pain, dyspareunia, tender 
mesh on palpation, or bladder or rectal pain. Preoperative 
cystoscopy and careful rectal examination or proctoscopy 
are recommended to help in surgical planning. 


Mesh Complications after Synthetic 
Midurethral Slings 


Vaginal Erosion 


Vaginal erosion occurs in about 3% of cases of synthetic 
midurethral slings (Ogah et al., 2011; Richter et al., 2010) 
(Fig. 30.3). Symptoms of vaginal erosion can be discharge, 
bleeding, patient/partner dyspareunia, and recurrent uri- 
nary tract infection. Most data on the management of vagi- 
nal mesh erosion come from small case series involving both 
surgical and nonsurgical treatments with varying success 
rates. Topical estrogen is a reasonable initial treatment for 
women with small mesh exposures; however, subsequent 
mesh excision is often needed (Tijdink et al., 2011). Excision 
of exposed mesh can occur in the office setting or operating 
room, with the important questions being timing of excision 
and how much mesh to excise. Based on the authors’ expe- 
rience, office-based management is most often successful 
when the erosion is <1] cm, easily visible/accessible with 
office instrumentation, and the patient has healthy vaginal 
tissues. Local anesthesia is necessary prior to any attempt 
at office-based trimming or epithelial reapproximation. The 
authors prefer 1% lidocaine without epinephrine. Sterile 
gloves and instrumentation should be used; instruments 
commonly needed include a speculum, scissors, forceps 
with teeth, a needle driver, and suture, and an assistant is 
also needed. Fine surgical scissors (Metzenbaum) should be 
used to mobilize the vaginal epithelium around the area of 
erosion. If mesh is going to be excised, a right-angle clamp 
can be placed between the mesh and underlying connective 
tissue and gently opened to elevate the sling away from the 
tissue. It can then be trimmed safely and the vaginal epi- 
thelium closed in a tension-free manner. There are limited 
clinical data to support the use of vaginal estrogen as defini- 
tive therapy; however, the authors recommend using vaginal 
estrogen on a routine basis, prior to and after any surgical 
intervention for a vaginal mesh complication. 

Tijdink et al. (2011) reported recurrent SUI in 36% of 
women undergoing excision for mesh erosion. 


Bladder Perforation 


Inadvertent bladder perforation of a trocar during place- 
ment of synthetic midurethal sling (Fig. 30.4) is reported 
to occur from 0.3% to 8.5%, with a much greater likeli- 
hood in retropubic synthetic slings versus transobturator 
or single incision slings. If this penetration goes unrecog- 
nized, synthetic mesh in the bladder will usually result in 
recurrent urinary tract infections, hematuria, urgency, fre- 
quency, and/or pain. Over time it is not uncommon to see 
a bladder stone develop on the intravesical mesh. Removal 
of intravesical mesh usually requires an open abdomi- 
nal approach through the retropubic space, in which a 


FIGURE 30.2 The technique of vaginal removal of an eroded synthetic mesh after abdominal sacral colpopexy. A, Note that the mesh is 
undermined and grasped (usually with Kocher-type clamps), with aggressive downward traction applied on the mesh. B, The mesh is sharply 
dissected away from the vaginal tissue and any other tissue that it is adherent to, and, with aggressive downward traction, it is excised as 
high as possible. The goal is to create as much distance as possible between the closed vaginal cuff and the cut edge of the mesh (see inset). 
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FIGURE 30.4 Passage of TVT needle. Note full penetration of the 
needle through the bladder. 


high deliberate cystotomy is performed and the mesh is 
removed by performing a partial cystectomy with blad- 
der reconstruction. Recently, to avoid increased morbidity, 
minimally invasive techniques such as transurethral endo- 
scopic resection have been used, albeit with variable suc- 
cess (Doumouchtsis et al., 2011). Techniques for vaginal 
extirpation of vaginal mesh have also been described, but 
outcome data are limited (Firoozi et al., 2010). 


Urethral Erosion 


Rarely, synthetic mesh is identified in the urethral lumen. The 
surgeon placing the sling should go to great lengths to ensure 
that the anterior vaginal wall incision is not too deep. There is 
no clear plane of dissection between the distal to mid-anterior 
vaginal wall and the posterior urethra. A deep dissection plane 
can result in the sling being placed in the wall of the urethra, 
which will predispose the patient to a urethral erosion. One 
should also avoid performing a synthetic sling in a patient who 
has received prior pelvic radiation, or at the time of repair 
of a urethrovaginal fistula or urethral diverticulum. Also, in 
the authors’ opinion, one should abort a planned synthetic sling 
placement if an inadvertent urethrotomy occurs during initial 
anterior vaginal wall dissection. 

When synthetic mesh is found in the urethral lumen, 
it will almost always require surgical excision and urethral 
reconstruction. In the authors’ experience, transurethral 
resection is usually not successful. We prefer to make an 
inverted-U-shaped anterior vaginal wall incision and mobi- 
lize the vagina off the posterior urethra. Next, if possible, 
one should identify the synthetic sling on either side of the 
urethra. Once the sling is located, it can be sharply dissected 
away from the urethra. The urethral defect (urethrotomy) 
should be closed in two layers with a fine delayed absorb- 
able suture. If the blood supply is compromised, a Martius 
fat pad transposition can be performed (see Chapter 41), 
and, if there are concerns regarding SUI, an autologous 
pubovaginal sling can be placed at the same time. 


Complications after Transvaginal Mesh 
Placement for Pelvic Organ Prolapse 


There are potential benefits and risks with the use of trans- 
vaginal mesh for the treatment of pelvic organ prolapse. 
Benefits include improved anatomic outcomes and trans- 
vaginal access. These benefits must be weighed against 
potential complications that include vaginal mesh erosion, 
pelvic pain, dyspareunia, and other less common problems 
(Chermansky and Winters, 2012; Abbott et al., 2014). 

A complete history and examination should be performed 
on all patients with a suspected vaginal mesh complication. 
On pelvic examination, one should attempt to identify any 
of the following: urogenital atrophy; palpation/visualiza- 
tion of any exposed mesh, mesh under tension, location 
of mesh arms, pain with palpation of the mesh (note loca- 
tion), bunching of mesh, or palpable abnormalities beneath 
the epithelium; pain and/or tension with palpation of pelvic 
floor musculature; and evidence of fistula. Rectal examina- 
tion should be performed, and cystoscopy and proctoscopy 
may be indicated in select cases. In patients with urogeni- 
tal atrophy, the authors prefer to aggressively treat patients 
with local estrogen cream prior to any surgical intervention. 


Mesh Exposure/Erosion 


Mesh exposure is the most common mesh-related compli- 
cation after transvaginal placement of mesh for the manage- 
ment of pelvic organ prolapse (Figs 30.5 and 30.6). Common 
presenting symptoms in women with vaginal erosion include 
vaginal drainage/bleeding, pelvic pain, and dyspareunia. On 
examination, pain with palpation of the mesh, visible mesh, 
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FIGURE 30.5 Vaginal erosion of synthetic mesh after transvaginal 
mesh placement. 


that the synthetic mesh is sharply dissected off the underlying viscera 
and overlying vaginal epithelium. 


granulation tissue, and vaginal shortening/tightening may be 
seen as well. 

Conservative management with topical estrogen and/or 
topical antibiotics can be attempted, although little evidence 
exists suggesting success with this treatment. Often, partial 
or complete excision is necessary for symptom improvement. 
Both office-based and operating room excision are options for 
management. Office-based excision should be reserved for 
those patients with small exposures (usually <1 cm), adequate 
access to the exposed mesh, and healthy vaginal tissues. Simi- 
lar to the description of office-based management of synthetic 
mid-urethral sling exposure, local anesthetic is injected around 
the extrusion, and the adjacent vaginal epithelium is mobilized. 
The mesh can be excised and the vaginal epithelium brought 
together without tension with interrupted sutures. 

The operating room affords the surgeon improved vis- 
ibility, better anesthesia, and a wider array of instrumen- 
tation for managing mesh exposures. The question that 
continues to be unanswered is how much mesh should be 
excised. There seems to be a balance, with an increased risk 
of repeat surgery when partial excision is undertaken, and 
an increased risk of recurrent prolapse and intraoperative 
morbidity with complete excision (Tijdink et al., 2011). 
For erosions that are small and straightforward, mobiliza- 
tion of the surrounding epithelium to cover the mesh, or 


simple excision of a small amount of mesh and closing of 
the epithelium, is usually all that is needed. If pain and 
large-scale erosion are noted, then more aggressive resec- 
tion is usually performed. Techniques for surgical excision 
involve dissection of the overlying vaginal epithelium away 
from the mesh, followed by the dissection of the mesh 
away from the adjacent organ (bladder or rectum) (Fig. 
30.7B). Margulies et al. (2008), Ridgeway et al. (2008), 
and Muffly and Barber (2010) each describe in detail surgi- 
cal techniques for transvaginal mesh removal. Many mesh 
kits consist of a body of mesh with arms used for anchor- 
ing the mesh. After implantation and incorporation of the 
mesh, these arms may become vascularized. When a more 
complete excision is desired and the mesh body has been 
mobilized satisfactorily, the authors advocate clamping and 
tying of the mesh arms prior to transection to decrease 
the risk of bleeding. After mesh removal, when possible, 
midline plication of underlying connective tissue is per- 
formed to help resupport the prolapsed tissue and possibly 
decrease the risk of recurrent prolapse. Also, if appropri- 
ate, a native tissue suture suspension of the vaginal apex to 
the uterosacral ligaments or sacrospinous ligaments can be 
performed. 

If mobilization of the vaginal tissue does not allow a 
tension-free closure of the vaginal epithelium, porcine small 
intestine submucosa graft (Surgisis Biodesign®; Cook Surgi- 
cal, Bloomington IN) can be secured in place over the vagi- 
nal defect (Khong and Lam 2011). It acts as a scaffold and 
encourages host response to mediate the healing process. 
In other words, it can be used as a patch to close a vaginal 
defect. Biodesign® will ultimately convert to normal skin in 
the majority of cases, assuming that a good blood supply is 
maintained (Figs 30.8 and 30.9). Vulvar skin flaps may also 
be used in instances in which large defects are present after 
mesh removal. 


Dyspareunia and Pelvic/Vaginal Pain 


Dyspareunia and/or pain may develop after transvaginal 
mesh placement for pelvic organ prolapse. In a systemic 
review, the overall incidence of new-onset dyspareunia after 
vaginal mesh placement was 9.1% (with a range of 0-67%) 
(Abed et al., 2011). Pelvic muscle spasm/pelvic floor ten- 
sion myalgia can present as chronic pelvic pain and may be 
confused with mesh-related pain. Although they may be 
difficult to distinguish from each other, both may improve 
with nonsurgical treatments such as pelvic floor physical 
therapy (Rosenbaum and Owens 2008). The authors rec- 
ommend exhausting nonsurgical measures for the treatment 
of pelvic pain after mesh placement, since patients under- 
going surgical excision may have persistent pain (El-Nashar 
and Trabuco 2012). Of all mesh-related complications, pain 
remains the symptom that is most resistant to medical and 
surgical treatment. It is often improved after mesh excision 
but may never disappear completely (Skala et al., 2011). 
Thus, counseling patients prior to surgery about risks associ- 
ated with mesh removal is paramount. These include bleed- 
ing, infection, injury to adjacent organs, new/persistent pain, 
and recurrent prolapse. 

El-Nashar and Trabuco (2012) performed an early exci- 
sion of vaginal mesh, 11 days after implantation. This was 
performed for severe vaginal pain and urinary urgency/ 
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FIGURE 30.7 Bilateral relaxing incisions for mid- to distal vaginal constriction. A, Mid-vaginal constriction allows penetration of only one 
finger. B, Sites of relaxing incisions are marked at 4 o'clock and 8 o'clock. C, Cross-section showing mid-vaginal constriction. D, Relaxing inci- 
sions are made with scalpel or monopolar cautery. Incision should extend through the complete thickness of the constriction band. E, Bilateral 
vaginal defects with complete release of constriction band. F, Examination allows penetration of two fingers. 
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frequency that began immediately after vaginal mesh place- 
ment. Complete excision including mesh arms was per- 
formed, and the patient had resolution of all symptoms. 
The implanting surgeon was not the referring provider in 
the case presented and this is consistent with findings by 
Blandon and colleagues (2009). In their study, only 14% of 
patients with mesh-related complications were referred by 


FIGURE 30.8 Use of Surgisis BioDesign to patch anterior vaginal wall 
defect. 


the surgeon who placed the mesh; about half were referred 
by a different physician/health care provider, and the 
remainder were self-referred. 


Visceral Injury 


Injury to the bladder and bowel can occur rarely during 
placement of vaginal mesh. Significant emphasis has been 
placed on the concept that mesh placement requires a 
deeper dissection plane, i.e., through the full thickness of 
the vaginal epithelium, to avoid vaginal erosion. However, 
the surgeon must also go to great lengths to avoid an inad- 
vertent proctotomy or cystotomy, and also avoid placing the 
mesh too deep, that is, in the wall of the bladder or rectum. 

If a bladder or bowel injury were to occur during dissec- 
tion of the vaginal epithelium, the authors recommend aban- 
doning mesh placement and proceeding with a native tissue 
suture repair. When performing a trocar-based mesh pro- 
cedure, rectal examination and cystoscopy should routinely 
be performed with the trocars in place (prior to passage of 
arms) to ensure that no visceral penetration has occurred. 
In the rare situation in which mesh is found postoperatively 
in the bladder or rectum, a major surgical procedure usually 


FIGURE 30.9 Use of Surgisis BioDesign to patch a large perineal breakdown. A, Photograph of perineal breakdown. B, Placement of Surgisis 
BioDesign to replace perineal and vaginal skin. C, Healing process at 2 weeks postoperatively. D, Healing process at 6 weeks postoperatively. 


E, Healing process at 3 months postoperatively. 
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will be required to remove the mesh. If mesh is found in 
the rectum, a diverting colostomy may be necessary prior to 
attempting mesh removal. 


Management of latrogenic 
Complications after Native Tissue 
Suture Repair of Pelvic Organ Prolapse 


Vaginal surgery resulting in vaginal stenosis, severe pain, vagi- 
nal shortening, or vaginal constriction can occur after vaginal 
native tissue suture repairs, especially in patients who have 
received radiation for treatment of gynecologic malignancy 
or who have undergone overzealous correction of pelvic 
organ prolapse, such as excessive vaginal trimming or aggres- 
sive levatorplasty at the time of a posterior colporrhaphy. 
This section of the chapter will discuss how best to avoid 
and manage a foreshortened vagina, vaginal constriction, and 
loss of denuded vaginal and/or perineal skin after traditional 
suture repairs for pelvic organ prolapse. 


Foreshortened Vagina 


Before undertaking an operation for pelvic organ prolapse, 
the surgeon should determine the anticipated length of the 
vagina. Although no data support how long a vagina needs 
to be to facilitate normal sexual function, we believe that 
the vagina should be suspended or supported to between 
7 and 9 cm cephalad to the hymenal ring. This reference 
point is the approximate location of the ischial spine, which 
is a good anatomic marker to use in whatever procedure is 
being performed to support or suspend the vaginal apex. 
Suspension of the apex should be done in such a way that 
it does not greatly alter the axis of the vagina. The surgeon 
should always keep in mind that anatomy varies and that 
patient expectations differ. Some patients’ anatomy allows 
for greater depth; conversely, some patients do not desire a 
functional vagina, and the surgeon can intentionally reduce 
the depth and diameter. 

A foreshortened vagina presents a difficult surgical 
dilemma. The majority of affected patients have consider- 
able scarring. In such situations, we prefer to use a unipolar 
cautery device to cut through this scar tissue and to open 
the top of the vagina. To keep the upper part of the vagina 
open, local estrogen and daily dilation to keep scarring from 
reforming should be initiated in the immediate post-oper- 
ative period. If the vagina can be kept open, it often heals 
well by secondary intention. Another approach is to cover 
these raw areas with a free skin graft or a biologic mate- 
rial, such as porcine-derived small intestine submucosa. It 
is important in the postoperative period to see the patient 
frequently, to apply transvaginal estrogen cream, and to 
keep the vagina open by means of frequent examinations, 
an intravaginal mold, and early initiation of a vaginal dilator. 

When less aggressive approaches are not successful, other, 
more advanced surgical options can be used. One approach 
is to manage the situation as we would for a patient with 
vaginal agenesis, by opening the top of the vagina and plac- 
ing a skin graft with a mold. If using a transvaginal approach, 
every effort should be made to avoid entering the peritoneal 
cavity. The peritoneum provides the blood supply to the 
skin graft and confines the skin graft and mold within the 


vagina. If the peritoneum is entered, the skin graft or other 
material used to replace the vagina then require fixation and 
a compensatory blood supply. Often an abdominal approach 
to mobilize an omental J-flap to provide a blood supply and 
support for the skin graft is used. Finally, a colon interposi- 
tion graft (sigmoid) can be used to create a neovagina or to 
augment a severely foreshortened vagina. 


Vaginal Constriction 


Vaginal constriction can occur after any vaginal procedure, 
including prolapse and episiotomy repair. Avoiding vagi- 
nal constriction is of paramount importance, and thus the 
surgeon should always ensure the ability to place two or 
three fingers into the vaginal canal during the repair and 
at the completion of the procedure. If repair has been 
too extensive and a constriction band is noted intraop- 
eratively, immediate takedown of the offending suture is 
indicated. If, however, the vagina was not examined dur- 
ing the repair and the epithelium has already been trimmed 
and closed, a relaxing incision can be made through the 
constriction band at 4 o’clock, 8 o'clock, or bilaterally 
(Fig. 30.7A-F). After hemostasis is ensured, this area usu- 
ally heals well by secondary intention, thus maintaining 
appropriate caliber of the vagina. All patients who undergo 
vaginal surgery for pelvic organ prolapse should have a vagi- 
nal examination within 2-3 weeks after surgery to identify 
and prevent fusion or scarification that can occur when raw 
surfaces from the anterior and posterior vaginal walls come 
into contact with each other. If the patient is not exam- 
ined in the postoperative period, the vaginal canal may fuse 
or severely constrict. If the early development of a tight or 
constricted vagina is detected in the postoperative period, 
application of local estrogen and use of a vaginal dilator may 
help prevent the process from continuing. 

When a patient presents with postoperative vaginal con- 
striction, we have not had much success with vaginal dila- 
tors. Usually, the dilator cannot be advanced beyond the 
point of constriction because of patient discomfort; thus, 
the majority of these patients are treated surgically. Surgi- 
cal management depends on the severity of the constric- 
tion and, more importantly, the location of the constriction. 
Distal vaginal constrictions can be treated by introitoplasty 
procedures, where the constriction is cut longitudinally and 
then closed horizontally by mobilizing and advancing the 
vagina (Fig. 30.10). Alternatively, various Z-plasty proce- 
dures can be used (Fig. 30.11). Both of these approaches 
require sufficient vaginal length, as they address only the 
constriction band. 

For mid-vaginal constrictions, cutting through the con- 
striction band sharply with a scalpel or electrosurgical instru- 
ment has been successful. The area is then either allowed to 
heal by secondary intention, or a skin graft or other material 
such as Surgisis Biodesign is placed to patch the defect in 
the vaginal canal (Figs 30.12 and 30.13). Usually a packing 
is left in place after ensuring hemostasis in the operating 
room. The packing is removed within 24 h (sometimes it is 
left in longer, with more extensive dissections), and the area 
is inspected on a regular basis, with vaginal examinations 
recommended at least twice weekly for the first 2 weeks. If 
the mid-vaginal constriction is not amenable to simple inci- 
sion, a vertical Z-plasty or a unilateral or bilateral perineal 
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FIGURE 30.10 Technique for vaginal introitoplasty. A, Longitudinal skin incision is marked. B, Constriction band is taken down in the midline. 
C, Incision should continue through the full thickness of the constriction band. D, Mobilization of posterior vaginal wall to allow for vaginal 
advancement. E, Vaginal wall is advanced and sutured in a horizontal direction to the perineal skin. 


FIGURE 30.11 Z-plasty for distal vaginal constriction. A, Z-plasty incisions are marked. B, Vaginal and perineal incisions are made cutting 
through full thickness of constriction band. C, Flaps are created and sutured in place. 
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FIGURE 30.12 Relaxing incisions for management of a mid-vaginal constriction band. Defects closed with either a skin graft or Surgisis 
BioDesign. A, Constriction band cut at 4 o'clock and 8 o'clock. B, Skin graft harvested. C, Skin graft sutured into defect. 
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FIGURE 30.13 Lateral view of pelvis after placement of skin graft for 
vaginal constriction. 


flap may be required to address severe constrictions. These 
procedures require a large incision through the constriction 
band, extending outward like a mediolateral episiotomy. 
The perineal flap is created and rotated into the vaginal inci- 
sion, where it is secured in place. 


Denuded or Lost Vaginal or Perineal Skin 


The vagina and perineum are well vascularized and reepi- 
thelialize well. Small denuded areas heal by secondary 
intention, with no long-term sequelae. However, excision 
of a larger area, for example, removal of mesh or release 
of large constriction rings, leaves large, deep denuded areas 
that require coverage. Historically, the only option was use 
of a skin graft. This has traditionally been reserved for use 
in congenital anomalies of the vagina (e.g., thick transverse 
vaginal septum and vaginal agenesis) or for vaginal constric- 
tions or obliterations. Free skin grafts work well to cover 
a denuded area, where it is impossible to reapproximate 
the epithelium. The disadvantages are morbidity and cos- 
mesis of the graft harvest site. Cutaneous grafts have the 
added benefit of bringing to an area of need a more vascular, 
bulkier graft, which is often necessary when dealing with 
recurrent conditions or irradiated tissue. The disadvantage 
of cutaneous grafts is that they generally need to lie close 
to the defect, and they often do not cover as large an area 
as a skin graft. Harvest site morbidity and cosmesis are also 
considerations with these grafts. 

We have had some preliminary experience with the use of 
a biologic graft (Surgisis), which is an acellular, extracellular 
matrix derived from porcine small intestine submucosa. It 


has been extensively evaluated in preclinical models and clin- 
ical studies, and recently has been used to facilitate wound 
closure in patients with diabetic ulcers, burns, and vari- 
ous other skin conditions (Barendse-Hofmann et al., 2007; 
Carson et al., 2003). Data suggest that healing of vaginal or 
vulvar epithelium is analogous to healing of epidermal skin 
(Abramov et al., 2007). Unlike purified collagen wound care 
products, other components of the extracellular matrix are 
retained in intact, active forms (Hodde et al., 2007). These 
include glycosaminoglycans, such as hyaluronic acid, proteo- 
glycans, fibronectin, and other matrix-associated factors such 
as fibroblast growth factor and transforming growth factor-f. 
Numerous patients in our practices have had perineal and 
vaginal epithelial defects replaced with a piece of this graft 
material (Figs 30.8 and 30.9). Our early results with this 
material appear promising, thus offering an alternative to skin 
graft in women with extensive perineal or vaginal scarring. 


Conclusion 


Complications and untoward sequelae from reconstructive 
pelvic surgery occur with both native-tissue and graft-aug- 
mented surgeries. Gauging the true incidence of these com- 
plications is difficult. As new procedures to correct pelvic 
floor disorders continue to evolve, open discussions among 
surgeons on how best to manage new and or unforeseen 
complications are important. 
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Epidemiology 


The inability to control feces is a devastating problem. Many 
people find this problem socially incapacitating and stay 
home, thus minimizing social contact to avoid an embar- 
rassing situation. Estimating the number of people afflicted 
with fecal incontinence is difficult because many do not 
mention the problem to their caregivers. In a study by 
Johanson and Lafferty (1996), only about a third of patients 
discussed their incontinence with their physicians. Oth- 
ers incorrectly describe their symptoms and may refer to 
their incontinence as “diarrhea,” making it difficult for the 
physician to understand the problem without careful ques- 
tioning. Thus, estimates probably grossly underreport the 
prevalence, which ranges from 0.1% to 18%. Studies in the 
United States found an overall prevalence of 18.4%, with a 
higher prevalence of 26% in patients who visited a gastroen- 
terologist. Definitions of fecal incontinence also vary from 
report to report, making comparisons difficult. 

Caring for incontinent patients is a tremendous financial 
responsibility. Over $400 million is spent annually on adult 
diapers, and fecal and urinary incontinence are primary 
reasons for nursing home placement (outnumbering senile 
dementia). Fecal incontinence probably increases progres- 
sively with age, although it can affect all ages, even children. 
It affects men as well as women, and some studies find men 
affected more commonly than women. 


Etiology 


Defecation is a complex process that involves an intricate 
interaction between anal function and sensation, rectal 
compliance, stool consistency, stool volume, colonic transit, 
and mental alertness. An alteration in any of these can lead 
to incontinence. Box 31.1 lists some common causes of fecal 
incontinence. 

A large component of continence is the function of the 
anal sphincter complex. It consists of the internal anal 
sphincter (IAS) muscle, the external anal sphincter (EAS) 
muscle, and the puborectalis (PR). The smooth muscle of 
the IAS is innervated by the autonomic nervous system. The 
IAS is responsible for more than half of the resting tone. 
The striated muscle of the EAS is innervated by the inferior 
branch of the pudendal nerve and is responsible for about a 
third of the resting tone. Defecation is a result of voluntary 
relaxation of the EAS and PR that are innervated by the S3 
to S4 nerves in response to rectal distension that is dictated 
by receptors in the pelvic floor and the anal transition zone. 
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ANAL 


Injury 
Obstetric (vaginal delivery/trauma) 
Surgical (fistulotomy, hemorrhoidectomy, sphincter- 
otomy, stretch) 
Irradiation 
Trauma 
Congenital (e.g., imperforate anus) 
INTESTINAL 
Colitis or proctitis 
Colon, rectum, or small bowel resection 
Tumors 
Fecal impaction 
Decreased rectal compliance 
Rectal prolapse 
NEUROLOGIC 
Central nervous system 
Dementia 
Neoplasm 
Stroke 
Trauma 
Multiple sclerosis 
Peripheral (e.g., diabetes) 
OTHER 
Diarrhea 
Combinations of anal and rectal causes 
Myopathy (e.g., scleroderma) 
Functional 


Anatomic disruption of the sphincter complex or disruption 
due to neurologic reasons is a common cause of fecal incon- 
tinence. Childbirth commonly injures the mother’s sphinc- 
ter complex. In a study by Sultan et al. (1993), women 
were evaluated before and after childbirth, with interviews, 
anal physiology testing, and anal endosonography. They 
found that 35% of primiparous women and 44% of multipa- 
rous women had sphincter defects after delivery. The IAS 
was injured more often than the external sphincter—some- 
times even when no breach occurred in the perineal skin. A 
strong correlation was found between sphincter defects and 
the development of bowel symptoms, although only about 
a third of women with sphincter defects developed bowel 
symptoms. Incontinence may not appear until decades after 
the obstetric injury, so it remains to be seen how many of 
these women develop incontinence later in life. In the past, 
these patients, particularly women with delayed symptoms 
years after childbirth injury, were labeled with idiopathic 
incontinence. However, with the advent of more sophisti- 
cated evaluation techniques, defects in the sphincter com- 
plex have been found. Fecal incontinence also appears to 
be associated with urinary incontinence and pelvic organ 
prolapse. In one study by Jackson et al. (1997), a third of 
women presenting to a urogynecologist for urinary inconti- 
nence also had fecal incontinence, and 7% of women with 
isolated pelvic organ prolapse had fecal incontinence. In 
another study by Tetzscher et al. (1996), 18% of women 
who had a previous obstetric anal sphincter disruption had 
both urinary and fecal incontinence. Besides obstetric injury, 


other causes thought to possibly contribute to both condi- 
tions include chronic constipation with straining at stool, 
aging, and relaxation of pelvic support. 


Evaluation 
History 


Evaluation of a patient with fecal incontinence starts with a 
comprehensive history. Important questions to ask include 
duration of the problem, frequency of incontinence, time of 
day of incontinence, quality of stool lost, ability to control 
flatus, use of pads, frequency of bowel motions, problems 
with constipation or diarrhea, and effects of incontinence 
on daily life. To differentiate incontinence from urgency is 
important. Urgency may reflect inability of the rectal reser- 
voir to store stool (as with diarrhea or proctitis) rather than 
a true sphincter problem. Equally important is to differenti- 
ate diarrhea from incontinence because many patients incor- 
rectly interchange the two problems. The quality of stool 
lost gives clues to the severity of the incontinence. Flatus 
is more difficult to control than liquid stool, and solid stool 
is the most easily controlled. Patients with incontinence of 
solid bowel motions without knowledge of the loss of stool 
are usually more distressed and reclusive than those with 
incontinence of flatus only. 

Additionally, the physician should obtain a thorough 
obstetric history: number of vaginal deliveries, duration of 
second stage of labor, previous episiotomy, use of forceps, 
perineal tears or infections, weight of babies, and unusual 
presentations at birth. A sexual history, including the effect 
of incontinence on sexual behavior, should be obtained. 
Other medical and surgical conditions must be ascertained, 
including back injuries, previous anorectal or abdominal sur- 
geries, irradiation history, diabetes, multiple sclerosis, and 
scleroderma. Medications, food intolerance, and activity 
restrictions may add information. 


Physical Examination 


The physical examination starts with inspection of the anal 
area, looking for soilage of stool on the skin, and evidence 
of skin irritation. Sometimes the underwear also gives evi- 
dence of stool soilage. The anus is inspected, looking for 
gaping of the muscles and any scarring. The patient is asked 
to squeeze and to simulate holding in a bowel movement 
to look for uniform circular contraction of muscle. Next, 
asking the patient to strain may show exaggerated perineal 
descent or prolapse of hemorrhoids or even the rectum. The 
anocutaneous reflex can be checked by rubbing the peri- 
anal skin gently (a Q-tip works well) and looking for the 
reflex contraction of the anal sphincter mechanism. Sensa- 
tion to pinprick can also be checked. Both of these give a 
crude assessment of sphincter innervation. Palpation of the 
sphincter is next done with digital examination. The initial 
tone reflects the internal sphincter and should be noted. 
Then the patient is asked to squeeze on the index finger 
in the anus as if she were holding in a bowel movement. 
Strength, defects in the circle of muscle, and early fatigabil- 
ity are assessed. Scars or masses are appreciated. 

A digital rectal examination checks for masses, occult or 
gross blood, fistula, and the presence of a rectocele. The 


physical examination is usually completed with a sigmoid- 
oscopy or proctoscopy; this rules out proctitis or neoplasm 
as a source of the problem. 


Scoring Scales for Fecal Incontinence 


Qualifying fecal incontinence has been difficult because 
many scoring systems have been introduced. A validated 
questionnaire for measuring quality of life, the Fecal Incon- 
tinence Quality of Life (FIQL), was reported in 2000 by 
Rockwood et al. and has 29 items that relate to four scales: 
lifestyle, | coping/behavior, depression/self-perception, 
and embarrassment. In the same year, Reilly et al. (2000) 
developed a questionnaire to assess epidemiology of fecal 
incontinence and associated risk factors. This assessed gen- 
eral bowel habits, assessed presence and severity of fecal 
incontinence, measured symptoms related to pelvic floor 
dysfunction, and assessed risk factors for fecal incontinence. 
The FIQL is currently used routinely to assess quality of life 
during the patient’s follow-up after any mode of treatment. 

The American Society of Colon and Rectum Fecal Incon- 
tinence Severity Index (FISI) is a severity rating score and 
consists of questions that rate continence to gas, mucus, solid, 
and liquid stool. The FISI is commonly used in conjunction 
with the FIQL as a tool to measure the efficacy of treatment. 
The other popular tool is the Wexner score that uses lifestyle 
alterations and wearing of a pad, in addition to incontinence 
to solids, liquid, and gas. In this score, zero is a score for per- 
fect continence and 20 for complete incontinence. See Chap- 
ter 44 for further discussion of these outcome questionnaires. 


Diagnostic Testing 


The use of additional testing depends on the severity of the 
problem and the amount of distress it causes the patient. 
Further tests may be helpful in establishing the diagnosis 
and in planning the most appropriate treatment. These tests 
are discussed individually. 


Enema 


To determine whether the patient is truly having incon- 
tinence, an enema may help clarify the problem. About 
100 mL of tap water is given, and it is noted whether the 
patient can hold this for more than a few minutes. Because 
liquid is more difficult to control than solid stool, patients 
who can hold a tap water enema probably do not have sig- 
nificant incontinence. They may need to be questioned 
more carefully to fully understand their symptoms. 


Anorectal Physiology Testing 


Many methods are available to assess anorectal physiology. 
Manometry, electromyography (EMG), rectal compliance, 
and pudendal nerve studies may all be helpful. Manometry 
provides quantitative information regarding the resting and 
squeeze pressures of the sphincter muscles. The resting 
pressures reflect the constant tone of the internal sphincter 
muscles. The squeeze pressures reflect the pressure gener- 
ated by the external sphincter muscle. The length of the 
anal canal can be determined by the measured distance of 
these pressures. A shortened anal canal length may reflect 
injury to the muscle. Positive rectoanal inhibitory reflex 
rules out Hirschsprung’s disease (see Chapter 32). 
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Rectal compliance can be determined by inserting a bal- 
loon and determining the minimal volume that the rectum 
can sense, then sequentially inflating the balloon to a vol- 
ume that cannot be tolerated. Decreased compliance signals 
a rectal reservoir that does not appropriately store stool and 
may push the fecal bolus past sphincter muscles, even if the 
sphincter muscle pressures are adequate. Note that normal 
manometric findings do not exclude incontinence, and nor- 
mal people without symptoms of fecal incontinence may 
have abnormal manometry. 

EMG is used to study the innervation of the external 
sphincter complex and to examine for reinnervation seen in 
pelvic neuropathy. Traditionally, needle EMG has been used 
with concentric or single-fiber electrodes, although this is 
quite painful for the patient. An increase in fiber density 
implies compensatory reinnervation after denervation of the 
external sphincter. Surface electrodes (attached to the skin 
overlying the subcutaneous portion of the EAS) give a less 
precise EMG but still provide some information. 

Pudendal nerve terminal motor latency can be deter- 
mined using an electrode attached to a glove inserted into 
the anal canal. A prolonged conduction in the pudendal 
nerve may signal damage to the innervation of the external 
sphincter and PR muscle (see Chapter 14). 


Defecography 


Defecography is indicated if rectal prolapse or internal 
intussusception (occult prolapse) is suspected. See Chapter 
34 for a more thorough discussion. 


Colonoscopy and Barium Enema 


Proctoscopy, sigmoidoscopy, colonoscopy, and barium 
enema are appropriate in some patients, particularly if diar- 
rhea and blood are associated or contributing symptoms. 
Colitis and neoplasms can be ruled out with these tests. 


Endorectal Ultrasonography 


Endosonography is recognized as a valuable tool in the 
assessment of fecal incontinence. A probe inserted into 
the rectum and withdrawn through the anal canal allows 
for a 360-degree visualization of the IAS and EAS. New 
models include three-dimensional (3D) visualization with 
features that render the EAS muscle anatomy, resulting in 
good visualization and a color Doppler feature. Particularly 
in patients with surgical or obstetric injury who did not 
develop incontinence until many years (even decades) after 
the insult, endosonography allows visualization of defects 
in the sphincter muscle, which, in turn, can lead to surgical 
correction (Fig. 31.1). In the past, many of these patients 
would have been diagnosed with idiopathic incontinence, 
and surgical repair may have not been considered. 

Additionally, the pictures obtained from endosonogra- 
phy provide a “road map” for repair of the sphincter. For 
instance, in some patients who become incontinent after 
a sphincterotomy for a fissure, it gives visualization of the 
ends of the internal sphincter muscle and the amount of 
gap between those ends. This allows planning of the surgical 
incision. Similarly, in patients with a past obstetric injury, 
the gap in the internal and external sphincter muscles can be 
noted and allows planning of the surgical procedure. 

A study by Oberwalder et al. (2004) measured perineal 
body thickness ultrasonographically and concluded that 
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FIGURE 31.1 Anal endosonography in a woman with “idiopathic 
incontinence” decades after the birth of her children. The internal 
anal sphincter is intact (straight arrows). The external anal sphincter 
has an anterior defect (curved arrows). MID AC, Midanal canal. 


a perineal body thickness less than 10 mm is abnormal; 
patients with perineal body thickness greater than 12 mm 
are unlikely to have a defect, whereas those between 10 
and 12 mm are associated with a defect in the sphincters 
in about a third of the patients. The use of 3D ultrasound 
is yet to prove its superiority, whereas magnetic resonance 
imaging (MRI) with endorectal coil has results that are simi- 
lar to the two-dimensional (2D) endorectal ultrasonography 
(ERUS). Although use of MRI is still controversial, it is less 
operator dependent and is superior in defining EAS defects, 
whereas IAS defects are visualized more clearly with ERUS. 


Conclusion 


What tests are essential for treating patients with fecal 
incontinence? A suggested algorithm for the diagnosis 
and treatment of fecal incontinence is shown in Fig. 31.2. 
Many excellent caregivers use few of these tests, although, 
recently, more testing is being used. To rule out colitis, 
proctitis, and neoplasia, evaluation of the colon and rec- 
tum by endoscopy or barium enema is needed. Defecog- 
raphy may or may not be needed for evaluation of rectal 
prolapse but may be necessary to diagnose internal intus- 
susception (or occult prolapse). The enema test is easy 
and inexpensive and helps determine whether a patient 
has true fecal incontinence. Many clinicians do not have 
access to an anorectal physiology laboratory or endo- 
sonography machine. Additionally, it takes experienced 
personnel to perform and interpret the results of these 
tests. Even for some surgical procedures these tests are 
not mandatory but may be helpful for planning surgery 
and predicting success. For complicated surgical repairs or 
previously failed repairs, anal physiology testing and endo- 
sonography have significant value in planning an appropri- 
ate repair or determining why a previous repair failed. As 
caregivers become aware of this previously silent group 
of patients, more testing will be needed to study these 
patients in an effort to understand their problem. Then, 
as incontinence becomes analyzed more accurately, these 
tests and others yet to be discovered will allow more pre- 
cise treatment planning. 


Nonsurgical Treatment 


Treatment begins with correction of underlying medical 
and surgical problems. Preliminary surgical treatments may 
include cancer resection, treatment of inflammatory bowel 
disease, repair of rectal prolapse, and removal of impactions. 


Medical Treatments 


In patients with minor incontinence, the use of bulking 
agents, such as Metamucil, Citrucel, or Konsyl, can change 
the consistency of the stool, making it firmer and more eas- 
ily controlled. Starting with a teaspoon daily and working 
up to a tablespoon up to three times daily helps decrease 
side effects, such as abdominal distension and bloating. If 
one agent gives these side effects, sometimes switching to 
another agent produces fewer side effects. Restricting the 
amount of fluid taken with these products may enhance 
their ability to increase stool bulk, especially if diarrhea is 
a problem. 

Agents designed to slow down the intestinal tract may 
also help with stool control. Even in patients without diar- 
rhea, these agents may slightly constipate patients, allowing 
them to better control their stool. Loperamide hydrochlo- 
ride (Imodium) is often prescribed in this capacity. It 
prolongs intestinal transit time, allowing fecal volume to 
be reduced (secondary to the increased time allowed for 
removal of fluid from stool) and bulk density to be increased. 
It also increases rectal compliance, which decreases urgency. 
Side effects are rare, and physical dependence does not 
occur. The dosage must be individualized for each patient. 
If patients have particular trouble after meals, 2 to 4 mg 
may be given before a meal to decrease the chance of stool- 
ing. The maximum daily dosage is 16 mg. Some patients 
with diarrhea require the maximum dosage, but patients 
with mild incontinence who use it to mildly decrease the 
intestinal transit may need only two or three 2 mg doses 
daily, or as needed. Diphenoxylate hydrochloride (Lomotil) 
is another agent used in this capacity, especially if diarrhea 
is a primary contributor to the incontinence. Diphenoxylate 
hydrochloride is less expensive than loperamide hydrochlo- 
ride but is a Schedule V substance (under the Controlled 
Substances Act). It has minimal potential for physical 
dependence. Side effects are rare but may include abdomi- 
nal distension, drowsiness, dizziness, depression, restless- 
ness, nausea, headache, blurred vision, and dry mouth. The 
dosing is similar to that of loperamide. One or two 2.5 mg 
tablets are used up to four times daily. As with loperamide, 
the dosing must be individualized. Other agents that focus 
on control of diarrhea include tincture of opium, paregoric, 
and codeine. Side effects and the risk of physical depen- 
dence make them less attractive. Amitriptyline has been 
used to improve symptoms in patients with idiopathic fecal 
incontinence. It acts by decreasing intrarectal pressures by 
reducing the amplitude and frequency of rectal motor com- 
plexes, possibly through an anticholinergic mechanism. 


Biofeedback and Pelvic Muscle Exercises 


Successful treatment of fecal incontinence has been 
achieved with biofeedback and pelvic muscle exercises. 
Jensen and Lowry (1997) showed that functional outcomes 
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FIGURE 31.2 Algorithm for 
diagnosis and treatment of fecal 


incontinence. SNS, sacral nerve 
stimulation. *Could include anal 
manometry, electromyography, 
rectal compliance studies, and with improvement 
pudendal nerve studies. 

after sphincteroplasty improved in patients who initially did 
not experience optimal results from surgery and were then 
treated with biofeedback. Biofeedback is indicated for alert, 
motivated patients because it is labor intensive and requires 
a dedicated therapist. 

Reported results are difficult to compare because three 
methods of biofeedback therapy are available, and most 
reports do not distinguish the type, duration, and exact 
method of performing the biofeedback. The three types are: 
(1) EAS strengthening, (2) coordination of rectal distension 
and anal sphincter contraction, and (3) improving sensa- 
tion of stool in the rectum. For all three, the initial setup is 
similar. A balloon is placed in the rectum to simulate stool. 
Anal sphincter contraction is measured with a different bal- 
loon in the anal canal, by an anal plug, or by perianal surface 
electrodes. When contraction of the sphincter muscles is 
initiated, the patient observes this on the monitor. Visual 


Not improved 


medical conditions consider: 
°SNS 

* Dynamic graciloplasty 

e Artificial anal sphincter 

* Colostomy 


(and in some systems, auditory) feedback is given regard- 
ing contraction of the external sphincter. For sphincter 
strengthening, patients are encouraged when the proper 
sphincter response is made. They are encouraged to exercise 
the muscle by replicating this type of contraction outside 
the therapy session. The goal is to increase the strength of 
the striated muscle. 

Rectoanal coordination uses the same equipment. The 
goal is to train the patients to achieve maximum voluntary 
squeeze in less than 1 s after the balloon is inflated in the 
rectum by consciously contracting the sphincter muscles. 
This method is customized for each patient. Patients may 
need one or more sessions to be able to perform the maneu- 
ver at home in the correct way. 

Rectal sensory perception is used to teach the patients 
to sense smaller volumes of stool. The patients are urged 
to defecate with the balloon in the rectum. The patients 
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observe this on the monitor. Gradually, the volume in the 
balloon is decreased, and patients learn to sense smaller vol- 
umes with less rectal distension. 

Improvement has been reported in 63% to 90% of 
patients after biofeedback. As stated earlier, most studies 
do not elaborate on exactly the type and how the biofeed- 
back was taught. In one study, Rao et al. (1996) found that 
anal squeeze pressures improved, the duration of squeeze 
increased, and the capacity to retain liquid increased. These 
findings correlated with a decrease in the number of epi- 
sodes of fecal incontinence. 

Few studies definitively show that pelvic muscle- 
strengthening exercises (Kegel exercises) alone benefit 
patients with fecal incontinence. However, they are safe 
and cost nothing. Therefore, they should be discussed with 
most patients afflicted with fecal incontinence. They may 
particularly benefit patients who have early fatigability of 
the sphincter muscle on digital examination when asked to 
squeeze. Sometimes biofeedback is used to assist patients in 
performing these exercises by giving visual feedback when 
the correct muscles are contracted. When using biofeed- 
back, we attempt to have patients hold the contraction for 
a full 10 s while watching a screen that tells them when 
the contraction decreases. Consultation with an interested 
physical therapist may optimize results. 

The scientific evidence supporting the use of biofeedback 
and/or sphincter exercises for the treatment of fecal incon- 
tinence in adults was reported in several recent Cochrane 
Reviews (Boyle et al., 2012; Boyle et al., 2014; Vonthein 
et al., 2013). Although pelvic floor muscle training is com- 
monly recommended during pregnancy and after birth, there 
is little evidence about long-term effects for prevention of 
fecal incontinence. Regarding biofeedback, it appears that rec- 
tal volume discrimination training improves continence more 
than sham training and that anal biofeedback combined with 
exercises and electrical stimulation provide more short-term 
benefits than vaginal biofeedback and exercises for women 
with obstetric-related fecal incontinence (Norton and Kamm 
2002). One study questioning biofeedback was reported by 
Norton (2004). She assigned 171 patients to two groups: those 
with an intact sphincter and those with a disrupted sphincter. 
Subjects were further randomized to four treatment groups: 
the first received standard care; the second received standard 
care, verbal instruction, and a leaflet explaining pelvic exer- 
cises; the third received standard care and computer-assisted 
biofeedback at each session; and the fourth received stan- 
dard care plus a home EMG biofeedback device. The results 
showed that overall, 75% patients recorded improvement, 
with equal numbers (54% versus 53%) in the biofeedback and 
nonbiofeedback groups. The study concluded that no signifi- 
cant differences were present between the treatment groups 
and leads one to wonder whether standard diet, bowel man- 
agement counseling, and verbal instructions may be sufficient. 

A recent systematic review of biofeedback and electri- 
cal stimulation for the treatment of fecal incontinence by 
Vonthein et al. (2013) found that there was sufficient evi- 
dence for the efficacy of biofeedback plus electrical stimu- 
lation in treating fecal incontinence. Amplitude-modulated 
medium-frequency stimulation, also termed premodulated 
interferential stimulations, combined with biofeedback was 
superior to both low-frequency electrical stimulation and 


biofeedback alone. 


Bowel Management 


Some patients find that daily enemas with approximately 
two pints of tap water, usually at the same time each morn- 
ing just after eating, induce a bowel motion and empty the 
rectum. Sometimes a cone-tipped catheter (the same type 
used for colostomy irrigation) may be needed for incontinent 
patients to instill an enema so that it does not run out with 
instillation. Some advocate inserting a glycerine or bisacodyl 
(Dulcolax) suppository 20 to 30 min after eating along with 
abdominal massage to induce a bowel motion daily. With 
either method, bulking agents can be used, in addition to 
medications, to stop stooling in between desired defecation. 


Passive Barrier Devices 


Passive barrier devices are indicated when no other option is 
available or if patients refuse other options or have too many 
medical or physical issues preventing them from a surgical 
option. There is only one product available in the U.S. market 
that is U.S. Food and Drug Administration (FDA) approved 
as a barrier device. This is called the Procon-2® device (ICD 
Inc., Kingwood, TX). This is a single use silicone catheter 
with a balloon attached to one end. The catheter incorpo- 
rates a filter that allows passage of gas but not stool. The 
device requires manual dexterity to be inserted into the anal 
canal and can be retained for about 8 h. Contraindications to 
its use include inflammation of the anorectum, rectal bleed- 
ing, sepsis in the anal area, and a low-lying suture line in the 
rectum. A single study done that used the Procon-1® device 
reported good patient compliance in 5/7 patients. The incon- 
tinence score (Wexner) also decreased from 12.7 to 5.2 and 
the modified fecal incontinence quality of life scale increased 
from 95.3 to 135. Two patients reported dissatisfaction. 

Other anal plugs like the Peristeen anal plug made by 
Coloplast are available in United Kingdom and Europe only. 
It is available in two sizes and is made of a soft foam that has 
a water soluble film that dissolves in the anal canal. The plug 
expands to three to four times its size and can be retained 
for 8 h. No complications were reported. 

In general, the available data suggest that anal plugs can be 
difficult to tolerate. However, if they are tolerated, they can 
be helpful in preventing incontinence in selected patients. 


Minimally Invasive Treatments 
Secca Procedure 


The FDA approved the Secca procedure in patients without 
a sphincter defect or with pudendal neuropathy. The proce- 
dure is an outpatient procedure done under conscious seda- 
tion and local anesthesia. Contraindications include a history 
of depression or psychiatric illness, inflammatory bowel dis- 
ease, collagen vascular disease, a history of pelvic radiation, 
and anal infections like abscesses or fistulas. The Secca pro- 
cedure uses radio frequency energy that is delivered to the 
anal sphincter (Figs. 31.3 and 31.4). This creates 64 lesions 
in the muscle where the thermal energy triggers collagen 
contraction (Fig. 31.5). Over time the deposition of collagen 
and remodeling of tissues causes improvement of the fecal 
incontinence. A pilot trial showed improvement in 8 out of 
10 patients at 2 years. A multicenter study (2003) enrolled 


FIGURE 31.3 Radio frequency energy is delivered through this 
anoscope device, which has needles that protrude at the area indi- 
cated by the arrow. These needles penetrate to the muscle to deliver 
energy that achieves a target temperature of 85°C for 1 min. (Repro- 
duced with permission from Springer-Verlag and Efron JE, Corman ML, 
Fleshman J, et al. Safety and effectiveness of temperature-controlled 
radio frequency energy delivery to the anal canal (Secca procedure) for 
the treatment of fecal incontinence. Dis Colon Rectum 2003;46:1606.) 
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FIGURE 31.4 The device is inserted into the anal canal. A light 
source is present and the barrel is clear to allow exact placement and 
then deployment of the needles. (Reproduced with permission from 
Springer-Verlag and Efron JE, Corman ML, Fleshman J, et al. Safety and 
effectiveness of temperature-controlled radio frequency energy delivery 
to the anal canal [Secca procedure] for the treatment of fecal inconti- 
nence. Dis Colon Rectum 2003; 46:1606.) 


50 patients to evaluate the Secca therapy. The study reported 
increase in all domains of the fecal incontinence quality of life 
scale and the SF-36 quality of life score increased from 64.3 
to 76. At the 6-month follow-up time point the fecal incon- 
tinence score improved from 14.5 to 11.1. Patients reported 
70% resolution of their symptoms. There were no changes in 
the anatomy on anal ultrasound or in the anal physiology on 
anal manometry. Complications included mucosal ulcerations 
and bleeding. Another study (Felt-Bersma et al., 2007) from 
Europe reported a persistent effect at 1 year. 


Injection Therapy 


In 2011 the FDA approved the use of a dexanomer in hyal- 
uronic acid (NASHA Dx®) injected into the anal canal as a 
treatment for fecal incontinence. This material is available in a 
gel form (Solesta®; Salix Pharmaceuticals, Inc., Raleigh, NC). 
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FIGURE 31.5 Graphic representation of the location of four rings of 
treatment, 64 total lesions, beginning at the dentate line and mov- 
ing proximally in 5-mm intervals. (Reproduced with permission from 
Springer-Verlag and Efron JE, Corman ML, Fleshman J, et al. Safety and 
effectiveness of temperature-controlled radio frequency energy delivery 
to the anal canal (Secca procedure) for the treatment of fecal inconti- 
nence. Dis Colon Rectum 2003;46:1606.) 


In a multicenter randomized study, 52% of patients being 
injected had >50% reduction in fecal incontinence episodes 
compared to 31% of those receiving a sham injection who 
reported the same degree of improvement. These results 
were sustained at 24 and 36 months and all of the quality of 
life scores showed significant improvement at 36 months. 
This study and a few others was summarized in a recent 
Cochrane Review (Maeda et al., 2013). 

The injection kit comes in four preloaded syringes hold- 
ing 1 cc of the NASHA Dx® gel. The gel is injected into the 
submucosal space in four areas 5 mm above the dentate line. 
The procedure is carried out in the office via a large bev- 
eled anoscope. This is a safe procedure with minor bleed- 
ing being the most common complication, although 2/278 
patients in the FDA-monitored study developed an abscess 
(one rectal, one prostatic). 

There are many controversies and unknowns surround- 
ing injectable agents. One involves the technique of injec- 
tion as there are multiple ways described in the literature to 
deliver the agent. While the FDA-monitored study injected 
in the submucosal space, the intersphincteric space has 
been speculated to perhaps improve therapeutic benefit. 
Using anal ultrasound to guide injection may be superior 
to a blinded injection, but this has not been studied. The 
procedure is typically performed in the outpatient setting, 
however, it has been suggested that if done in the OR, there 
may be superior outcomes. This would add additional cost 
to the procedure and will require justification through addi- 
tional studies. The size of the needle supplied in the kit is 
21 gauge, which seems large but necessary as the material 
is usually quite viscous and difficult to push through the 
needle. However, occasionally some of the material can be 
seen oozing out the injection site after the treatment. This 
raises concerns about the size of the needle and whether 
this escape of the material alters the therapeutic benefit. 

One important unknown is exactly which patient 
will achieve maximal benefit from this treatment. In the 
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FDA-monitored study no patient had a defect in the EAS or 
IAS muscle. However, in clinical practice it seems reason- 
able that this treatment would be offered to patients with 
small defects. Additionally in the FDA-monitored trial, eli- 
gible patients had severe fecal incontinence, but it is unclear 
if patients with mild to moderate incontinence or leakage 
would be better candidates. Again more studies are needed 
to clarify these controversial areas. 

Our practice continues to offer this procedure in the 
outpatient setting for patients with mild to moderate fecal 
incontinence. Additionally, we do offer this treatment to 
patients with internal sphincter thinning or fibrosis as seen 
on anal endosonography. In our experience patients who 
have a very lax or patulous anus may not benefit from this 
therapy. The patient receives a phosphate enema prior to 
the injection. She is typically positioned in the left lateral/ 
knee chest position. The anal area is evaluated to rule out 
large hemorrhoids using a long beveled anoscope. Beta- 
dine swabs are used (a plain wet swab is used if the patient 
reports an iodine sensitivity that is concerning) to clean the 
anal canal prior to injection. The anoscope is steadied by the 
nurse after it is placed in position. The needle is introduced 
under vision, 5 mm above the dentate line at a 30° angle to 
the mucosa to a depth of 5 mm. The needle is steadied with 
one hand and injected with the other. The needle is retained 
in place for 15 s before being withdrawn. The procedure 
is repeated in four quadrants. Postoperatively there are no 
specific restrictions in activity, but we do advise ingestion of 
various agents to ensure the patient has soft stools. Patients 
are advised to call immediately if they have pain, bleeding, 
or fever. 


Surgical Treatment 


For sphincter repairs, the bowel is completely cleansed 
with an agent, such as polyethylene glycol. Prophylac- 
tic antibiotics, such as intravenous metronidazole and a 
third-generation cephalosporin, are given preoperatively. 
These antibiotics are continued postoperatively for vari- 
able periods, at the discretion of the surgeon. For surgery 
to correct a defect secondary to an injury, the tissue must 
be soft and pliable, and at least 3 to 6 months should 
elapse after the injury for the inflammation to subside. 
A Foley catheter is placed. Patients may be positioned in 
the lithotomy position or prone jackknife position for pro- 
cedures directly performed on the sphincter muscle. For 
muscle wraps or the artificial sphincter, the prone jack- 
knife position is indicated. We prefer the prone jackknife 
position for almost all anal procedures because it allows 
the buttock muscles to fall out of the way and gives the 
surgical assistants optimal viewing of the surgical field. 
For simple procedures, such as sphincteroplasty or post- 
anal repair, general, epidural, or spinal anesthesia may be 
used. For complicated sphincter wraps, general anesthesia 
is needed. 


Sphincteroplasty 


When a defect is detected in the sphincter complex, reap- 
proximation of the two ends is attempted. Usually, these 
defects are secondary to obstetric injury, fistula repair, or 
lateral internal sphincterotomy. Occasionally, defects after 


hemorrhoidectomy can be repaired successfully. An arc type 
of incision is made over the injury, usually about 1 to 1.5 cm 
beyond the anal verge (Fig. 31.6). For obstetric injuries, this 
arc spans anteriorly about 200°. It is important to remember 
that the branches of the pudendal nerves that innervate the 
external sphincter approach the muscle from the postero- 
lateral position. To avoid nerve injury, the arc of the incision 
should not extend to the extreme posterolateral position. 
We prefer to initially dissect down the rectovaginal septum 
to avoid injury to any remaining muscle and to avoid button- 
hole defects into the anal canal or rectum. Sometimes the 
only remaining perineal body is the vaginal and anal mucosa, 
so dissection is difficult. The dissection is carried laterally to 
the ischiorectal fat. Placing a finger in the vagina or rectum 
and dissecting from lateral to medial may facilitate the dis- 
section. Any tears in the anal mucosa are repaired with No. 
4-0 chromic suture. The ends of the sphincter are usually 
approximated with scar in the midline (or midportion of 
the injury). This scar is divided in the middle, leaving two 
ends of sphincter with scar attached. Dividing the scar is 
important but not trimming it from the ends of the sphinc- 
ter because it will provide tensile strength when the repair is 
done. If both the internal and external muscles are injured, 
we prefer to leave them intact and repair them as one unit. 
If the internal sphincter is not disrupted, we divide and 
repair the external sphincter only. 

The levator ani muscles may be plicated, at this point, 
using No. 0 or 2-0 delayed absorbable sutures. This may 
lengthen the anal canal. The vagina should be checked after 
the levator plication to ensure that a ridge or narrowing did 
not occur with levator plication because this may contrib- 
ute to dyspareunia. If the IAS was not injured and hence 
not divided for the overlapping repair, plication can be done 
before the sphincteroplasty, if there is redundant internal 
sphincter (Fig. 31.7). 

The sphincter ends that have been sufficiently mobi- 
lized to allow overlapping of the muscle are grasped. Some 
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FIGURE 31.6 Sphincteroplasty repair. The patient is in the prone 
jackknife position. The buttocks can be taped apart. A curved incision 
is made anteriorly, avoiding the pudendal nerves, which approach 
the external sphincter from a deep posterolateral position. 


advocate merely approximating the muscles, but, if pos- 
sible, we prefer to overlap the muscle ends. We use No. 
2-0 polyglactin sutures and place mattress sutures for 
the sphincteroplasty. Approximately six sutures (three 
on each side) are used (Fig. 31.8A and B). The repair is 
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FIGURE 31.7 If the internal anal sphincter (long arrow) is intact, it 
can be plicated before the external anal sphincter (short arrows) is 
overlapped. The levator muscles can also be plicated (curved arrow). 
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performed to tighten the anal canal so that just an index 
finger is admitted. During the procedure, irrigation of 
the wound is carried out with antibiotic solution. The 
skin edges are closed in a V-Y fashion, starting laterally 
and leaving the center open for drainage (Fig. 31.9). If a 
significant amount of “dead space” is present, a half-inch 
Penrose drain can be inserted and then removed on post- 
operative day 2. Recently we have incorporated a biologi- 
cal mesh (Surgisis; Cook Medical, Bloomington, IN) to 
reinforce the EAS. This addition was made after we found 
dismal long-term results after the overlapping sphincter 
repair. Short-term results indicate no increase in wound 
infection, but long-term results on the efficacy and cost 
justification are to be evaluated. 

Postoperatively, patients are kept on intravenous antibi- 
otics for 2 to 3 days, and oral intake is withheld. We do not 
use constipating agents, and we also do not use sitz baths 
because we feel that they macerate the skin edges; how- 
ever, showers are permitted. The Foley catheter is removed 
on postoperative day 2, and the patient is allowed a high- 
fiber diet just before discharge. At discharge, patients are 
placed on daily Metamucil, Citrucel, or Konsyl. Addition- 
ally, they take 1 ounce of mineral oil each morning. If they 
do not move their bowels by postoperative day 7, they take 
1 ounce of milk of magnesia twice daily until their bowels 
move. Because they undergo a complete bowel cleansing 
before surgery, patients may not move their bowels for sev- 
eral days after surgery. 

Diverting stoma is used at the discretion of the surgeon. 
Preoperatively, we discuss the possibility of using a stoma 
in patients who have had previous failed repairs, have con- 
comitant inflammatory bowel disease or severe diarrhea, or 
need an extremely complicated repair. A stoma does not 
ensure success but may aid a successful outcome in such 
patients. 


B 


FIGURE 31.8 A, The sphincter ends are identified and overlapped. B, Three mattress sutures are placed on each side to hold the muscle ends 


in place. 
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FIGURE 31.9 The skin edges are closed in a V-Y fashion starting lat- 
erally and leaving the center open for drainage. 


Initial functional improvement can be anticipated in 
80% to 90% of patients. Pudendal nerve damage is asso- 
ciated with suboptimal results. Age does not seem to 
significantly affect results, although erratic bowel prob- 
lems, such as urgency and diarrhea, may lead to continued 
incontinence. Wound infection occurs in up to a quarter of 
patients but does not adversely affect the outcome unless 
the sphincter repair sutures become disrupted. Complete 
disruption of the skin sutures usually heals by secondary 
intention with adequate wound care. For patients who 
do not improve after overlapping repair, repeat evalua- 
tion of the sphincters should be done, usually with anal 
ultrasound. If a persistent defect is present, a repeat 
sphincter repair can be performed. In patients undergo- 
ing repeat overlapping sphincter repair, the improvement 
rate is similar to those who have initially had the defect 
corrected. 

Even when patients have excellent initial improvement 
in fecal incontinence after sphincter repair, several studies 
have found that long-term results are disappointing. Col- 
lectively, these studies have shown that less than 40% of 
patients who undergo a repair report long-term satisfactory 
fecal continence 5 to 10 years after surgery. In the study 
using a biologic graft to reinforce the sphincter defect, we 
found that in the short term there was no difference in out- 
comes but, when compared to the preoperative scores, the 
patients who received the mesh had significant improve- 
ment in the FISI, CCFIS and two subscales of FIQL (cop- 
ing and behavior) compared to those who did not receive 
the mesh. 


Postanal Pelvic Floor Repair 


The postanal repair has been advocated for patients with 
incontinence without a sphincter defect or with neuro- 
pathic incontinence. This procedure is designed to rees- 
tablish the anorectal angle, increase the length of the anal 
canal, and tighten the anal canal. Optimal results seem to 
be in patients with incontinence from anal sphincter stretch 
or loss of anorectal angulation. Patients with neurogenic 
incontinence usually do not have significant improvement. 
Preoperative preparation has been described previously. A 
posterior, inverted V incision is made 5 to 6 cm from the 
anal verge. Flaps are raised and the intersphincteric plane 
is identified. Dissection is carried in this plane cephalad to 
Waldeyer’s fascia, which is divided to expose the mesorec- 
tal fat. Figure-of-eight, No. 2-0 polypropylene sutures are 
placed to draw the two sides of the iliococcygeus muscle 
together. The sides will not approximate because of the dis- 
tance, so the sutures are tied with minimal tension to form 
a lattice. The pubococcygeus muscle is the next muscle 
encountered. Sutures are placed and tied to again form a 
lattice, especially posteriorly, although anteriorly the ends 
may also be approximated. The last layer plicated is the PR 
and external sphincter. The skin is closed with absorbable 
suture in a V-Y fashion. Postoperative care is similar to the 
sphincteroplasty repair. 

Original results by Parks (1975) demonstrated postop- 
erative improvement in incontinence in 80% of patients; 
however, this degree of success has not been achieved by 
others. Further studies have shown that long-term conti- 
nence is restored in perhaps 30% of patients who undergo 
the postanal repair. This procedure is not commonly offered 
to patients. 


Muscle Transposition Procedures 


In some patients, repair of the sphincter does not relieve 
symptoms. Additionally, some patients have had traumatic 
loss of sphincter muscle, making approximation of the ends 
impossible. Transposition of the gracilis muscle has been 
advocated for these patients. This procedure, however, is 
not available to patients in the United States because the 
generator to stimulate the muscle is no longer available. 

To perform dynamic graciloplasty, the gracilis muscle is 
mobilized from the inner thigh, proximally preserving the 
neurovascular bundle. The tendon of insertion is divided at 
the knee, preserving as much tendon as possible. The muscle 
is wrapped around the anus, and the tendon is sewn to the 
opposite ischial tuberosity. An electrical stimulator is placed 
at an optimal site on the abdomen. Leads are tunneled from 
the stimulator and placed onto the proximal portion of the 
nerve. The entire procedure is done under cover of a stoma 
and usually in several stages. The expected lifespan of the 
stimulator is approximately 7 years. 

Patients appropriate for this procedure include those 
with incontinence caused by obstetric injury, idiopathic 
incontinence, traumatic loss of sphincter muscle, and con- 
genital anal sphincter problems. Contraindications include 
neurologic disease, such as multiple sclerosis. This opera- 
tion carries a high morbidity and has a significant learn- 
ing curve. Surgeons with considerable experience, such as 
Baeten et al. (1995), achieve excellent results, especially 


considering that the only alternative for many of these 
patients is a permanent stoma. In their 1995 study, about 
23% achieved perfect continence for solid and liquid stool 
and flatus. An additional 50% had continence for solid and 
liquid stool but not flatus. Others have achieved complete 
continence in 46% to 65% of patients. As more experience 
is gained with this procedure, surgeons hope that the tech- 
nical and learning problems will be remedied. 


Artificial Anal Sphincter 


As success with the artificial urinary sphincter was attained, 
efforts turned toward using a modified version of this 
device for fecal incontinence. This fully implantable device 
incorporates a balloon that, when fully inflated, occludes 
the anus. The device is indicated for patients in whom con- 
ventional management of fecal incontinence has failed. Few 
centers in the world perform this procedure, and many tech- 
nical challenges are associated with its implantation. Wong 
et al. (1996) reported the results from a combined study 
of the University of Minnesota and the Royal Infirmary in 
Edinburgh, Scotland. They found infectious or mechanical 
complications in 33% of patients. Seventy-five percent had 
improvement in their incontinence, although some of the 
patients with improvement, at times, experienced inconti- 
nence of flatus, mucus, or liquid stool. As with the muscle 
transpositions, a considerable learning curve is present with 
this operation. However, it also holds promise for patients 
with severe fecal incontinence. 

In a study from Spain (Casal et al., 2004), continence 
was restored in the immediate postoperative period in 100% 
of patients for solid stool, 16% for liquid stool, and 44% for 
gas. However, only 22% patients retained this at 29 months, 
and 60% patients had postoperative complications. Parker 
et al. (2003) reported their experience of 45 patients who 
were divided into two groups: one group was viewed retro- 
spectively and the other prospectively. They concluded that 
although infection was a major complication and a reason 
for revision and explantation, once the artificial sphincter 
stabilized, its function remained stable for many years. 


Sacral Neuromodulation 


Stimulation of the sacral nerve (SNS) was approved by the 
FDA for treatment of fecal incontinence in 2011. Having 
been used outside the United States since 1995 (Matzel 
et al. 2009), there is considerable literature supporting this 
procedure. It is essentially the same procedure that has 
been used for urinary incontinence in the United States for 
over a decade. As in treatment of urge urinary incontinence, 
the procedure consists of two parts. Stage I is placement 
of a temporary sacral stimulation lead. Currently for fecal 
incontinence this consists of a tined lead placed in the S3 
sacral foramen (Fig. 31.10) and confirmed radiologically 
(Fig. 31.11). This lead is then connected to a temporary 
stimulation device. The patient then reports episodes of 
fecal incontinence and the stool consistency in a diary. 
The diary is reviewed before surgery at around 2 weeks. If 
patients report >50% improvement compared to preopera- 
tive status, a permanent neurostimulator is implanted in the 
upper buttock region. If the amount of improvement is not 
sufficient or the patient reports no improvement, the lead is 
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FIGURE 31.10 Insertion of the needle and electrodes at the region 
of S-3 foramen. 


FIGURE 31.11 Radiological confirmation of the electrode placement 
at the S-3 foramen. 


removed. Stage II is typically performed about 2 weeks after 
Stage I to lessen the chance of infectious complications. 
The results have been encouraging for SNS. In the FDA- 
monitored trial, which was the most intensely studied group 
of patients undergoing this treatment, 285 patients were 
screened and 133 were eligible for Stage I. Of those, 120 
were implanted with the permanent device during Stage II. 
The results over 1 (Wexner et al., 2010a), 3 (Mellgren et al., 
2011), and 5 (Hull et al., 2013) years of follow-up remained 
consistent with approximately 85% maintaining the treat- 
ment goal of >50% reduction in fecal incontinent episodes. 
Forty percent remained totally continent. Devroede et al. 
(2012) documented sustained long-term improvement in 
quality of life in this group. Wexner et al. (2010b) showed 
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that this appears to be a safe procedure with an acceptable 
complication profile and infection rate of about 11%. 

Many in the urology field have performed Stage I as an 
office procedure with a wire placed percutaneously into 
S3 called percutaneous nerve evaluation (PNE). This may 
become popular for caregivers evaluating SNS for fecal 
incontinence, but currently many in the United States are 
being trained and the PNE approach is an additional com- 
plexity for the procedure and has not been emphasized at 
this time in training. Drawback of PNE is that the wire is 
not as secure as the tined lead, and it can easily migrate 
giving a false negative result. For this reason, if the test is 
negative, the formal operating room placement of the tined 
lead may still be strongly considered. The popularity of PNE 
involves the reduced cost as it can be placed in the office 
and removed easily if there is not a benefit. If it is success- 
ful, the permanent device can be placed in the future with 
no mandatory time for implantation as with the Stage II. 

Since this treatment was initially promoted for urinary 
incontinence, it has been placed with successful treatment 
of both problems. However, uniform improvement for both 
issues is not always seen. There was a consensus panel that 
reviewed all studies and felt it should be offered to patients 
with both urinary and fecal incontinence (Leroi et al., 2009). 
This panel also supported offering SNS as the first line of 
treatment to women with an anterior childbirth sphincter 
defect of up to 120° based on relevant data. 


Colostomy or Ileostomy 


Fecal diversion, in the form of an end colostomy or, occa- 
sionally, an ileostomy, sometimes can offer a much better 
lifestyle for patients with incapacitating incontinence when 
repairs fail or have no chance of succeeding. They allow 
patients trapped in their homes the opportunity to leave 
their “prisons” free from fear of an episode of incontinence. 


Future Treatment Options 


There are several treatments that are either not available or 
are still in the stage of research. 


Magnetic Ring 


This treatment involves magnetic beads threaded over 
a titanium wire and placed surgically around the anus 
(Fenix™, Torax Medical, Inc., St. Paul, MN). Defecation is 
achieved by mechanical separation of the beads by increased 
anal pressures. The beads return to the previous position, 
closing the anus when the anal pressure is decreased. A 
feasibility study demonstrated ease of implantation and no 
requirement for adjustments by the physician or patient. 
The study reported a decrease of the mean number of 
weekly episodes of fecal incontinence from 7.2 to 0.7 in 
the short term. A European group participating in the study 
compared the results of 10 patients implanted with the 
magnetic ring with 10 patients who received an artificial 
bowel sphincter, and 12 patients who received the mag- 
netic ring matched to 16 patients who received SNS. They 
reported similar outcomes in continence scores, quality of 
life, and morbidity when comparing the magnetic ring with 
SNS. When compared to artificial bowel sphincter, the 


patients receiving the magnetic ring had similar quality of 
life and less constipation. However, patients with artificial 
bowel sphincter tended to have better incontinence scores. 
Future studies will guide the process of FDA approval. 


Anal Sling 


Transvaginal and transobturator slings have been used 
extensively to improve urinary control for many years. The 
premise of this treatment is to recreate the rectal-anal angle 
reinforcing the levator ani muscle thus aiding continence. 
American Medical Systems (Minnetonka, MN) has devised 
a transobturator posterior anal polypropylene sling. This is 
placed in a U-shaped manner behind the lowest part of the 
anorectum to create a sling-like support of the anus. The 
ends of the sling are brought out through small incisions lat- 
eral to the vagina at the medial notch of the obturator fora- 
men using specially designed needle guides. The tension is 
adjusted on the posterior anorectum and the excess “arms” 
clipped at the skin and the skin closed over them. A multi- 
center study has been completed and is awaiting adequate 
follow-up prior to publication of results. 


Posterior Tibial Stimulation 


This treatment is currently not FDA approved but is available 
to urologists under the name Urgent® PC Neuromodulation 
System (Uroplasty, Inc., Minnetonka, MN). The procedure 
is done on an outpatient basis and involves stimulation of the 
posterior tibial nerve at the medial ankle, either by needle 
or surface electrode. Side effects include mild pain or skin 
inflammation at the stimulation site. All eight studies are 
from outside the United States and vary regarding treatment 
protocol (i.e., frequency of stimulation [20-30 Hz], timing 
[daily, alternate days, weekly, every other week], and dura- 
tion [20-30 min]). Five studies reported that 60% of patients 
had a successful outcome as they reached the desired param- 
eters’ defined pretreatment. One randomized, multicenter, 
blinded, sham-controlled study enrolled 144 patients from 
nine centers. This study did not show any benefit of pos- 
terior tibial stimulation versus sham, particularly in median 
number of fecal incontinent episodes per week (Leroi et al., 


2012). 


Conclusion 


Fecal incontinence is a complex problem with many causes. 
Even though it is not a life-threatening problem, it can be 
“life devastating.” Evaluation is tailored to the patient, and 
treatment depends on the findings from history, physical 
examination, and diagnostic testing. Many patients can obtain 
improvement or cure from nonsurgical treatment, and newer 
techniques like the Secca procedure, anal bulking injections, 
and sacral neuromodulation hold some hope for those without 
a demonstrable sphincter defect. Others with a demonstrable 
defect in the sphincter mechanism may be candidates for anal 
sphincter repair. New frontiers with the artificial anal sphinc- 
ter and other techniques are emerging for patients who fail 
sphincter repair or are not suitable candidates for other pro- 
cedures. Significant disappointments and failures after surgery 
for incontinence still exist, and fecal diversion is still the appro- 
priate treatment for some. 
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Definition and Etiology 


Constipation is a broad term that is defined as difficult 
evacuation of feces, infrequent defecation, or inadequate 
defecation. Our understanding of the etiology of constipa- 
tion has improved, resulting in an evolving definition. One 
commonly used definition is based upon bowel frequency 
of fewer than three stools per week. This definition is based 
on interviews of factory workers in the United Kingdom 
that found that 99% of the working population reported 
frequency of bowel movements between three per day and 
three per week. The problem with this definition is that it 
ignores the symptoms reported by most patients who con- 
sider themselves constipated (i.e., straining, hard stools); it 
does not assist in separating out those patients with disor- 
ders of slowed intestinal transit and those with disorders of 
defecation, and it may not apply to patients who are taking 
laxatives. 

Although physicians and patients often refer to constipa- 
tion as a single disorder, it should be viewed as a symptom 
that means different things to different people. In 1987, 
Sandler and Drossman reported on the bowel habits of 
more than 1000 adults. The patients were asked how they 
define the term constipation. Fifty-two percent said “strain- 
ing at stool,” 44% reported “hard stools,” 34% reported “a 
sense of wanting to defecate but cannot,” 32% reported 
“infrequent stools,” 20% reported “abdominal discomfort,” 
19% reported “a sense of incomplete evacuation,” and 11% 
said “spending too much time on the toilet.” Therefore, 
simply asking a patient whether he or she has constipation 
is neither sensitive nor specific. However, there appears to 
be a large percentage of individuals who feel that they have 
constipation yet do not complain of any symptoms that 
physicians typically use to define constipation. This differ- 
ence in definition between patient-centered self-report of 
constipation and objective criteria indicates that reliance on 
stringent symptom-based criteria may miss a large popula- 
tion who believe that they have constipation, whether they 
do or do not, based on those criteria. 

Because most constipation becomes a problem only 
when the patient complains of it, and because symptoms 
of constipation may occur in the absence of any physiologic 
abnormalities (i.e., stool frequency does not necessarily cor- 
relate with transit time), a symptom-based definition still 
holds some value and has become the standard. This led to 
the development of the ROME criteria (Drossman et al., 
2000). The criteria are expert consensus guidelines for mak- 
ing the clinical diagnosis of the various types of functional 
bowel disorders, including constipation. The criteria have 
become the standard for the definition of constipation. 
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Conclusion 


The ROME III criteria divide patients complaining of 
symptoms of constipation into two major groups: func- 
tional bowel and functional anorectal disorders. Functional 
bowel disorders include (1) functional constipation and (2) 
irritable bowel syndrome with constipation (IBS-C), and 
experts continue to debate whether these are overlapping 
disorders or part of a continuum. Subjects with functional 
constipation often complain of fewer than three bowel 
movements per week, hard or lumpy stools, straining, 
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MUST FULFILL BOTH CRITERIA: 


1. Must include two or more of the following: 
Straining 225% of defecations 
Lumpy or hard stools >25% of defecations 
Sensation of incomplete evacuation >25% of defecations 
Sensation of anorectal obstruction/blockage =25% of 
defecations 
Manual maneuvers to facilitate >25% of defecations 
Less than three defecations per week 
2. Loose stools are rarely present without the use of laxatives. 
3. There are insufficient criteria for irritable bowel syndrome. 


From Longstreth GE, Thompson WG, Chey WD, et al. Functional bowel disorders. 
Gastroenterology. 2006;130:1480. 


feeling of incomplete emptying after a bowel movement, 
a sensation that stool cannot be passed, or a need to press 
on or around their bottom or vagina to complete a bowel 
movement. Functional constipation may include patients 
who demonstrate slowed transit times on colonic tran- 
sit studies or patients with normal transit or idiopathic 
constipation because it is a symptom-based diagnosis. In 
fact, the latest American Gastroenterological Association 
(AGA) technical review do not use the term “functional 
constipation” because of this subset of patients who have 
slow transit constipation (Bharucha et al., 2013). Instead, 
the AGA criteria rely on assessments of colon transit and 
anorectal function to classify patients with constipation 
into one of three groups: normal transit constipation, slow 
transit constipation, and pelvic floor dysfunction or def- 
ecatory disorders. 

The diagnostic criteria for functional constipation 
are seen in Box 32.1. Patients with IBS-C have the same 
symptoms, except that they often have a predominance 
of abdominal pain. This pain is associated with improve- 
ment after a bowel movement, change in the number of 
bowel movements, or change in consistency of stools. Some 
experts have believed that constipation could be broken 
down into further subtypes based on the reported pre- 
dominant evacuation symptoms, including IBS-outlet and 
outlet-type constipation. A subcategory of patients who 
fulfilled criteria for either constipation predominant IBS 
or functional constipation also report one of the follow- 
ing evacuation symptoms: a sensation that stool cannot be 
passed when having a bowel movement, a need to press on 
or around their bottom or vagina to try to remove stool to 
complete a bowel movement, or difficulty relaxing or let- 
ting go to allow the stool to come out at least one-fourth of 
the time. These subtypes are now referred to as functional 
defecation disorders. Functional defecation disorders (often 
referred to as evacuation disorders, outlet dysfunction or 
delay, or pelvic floor dysfunction) have been incorporated 
into the ROME III criteria and include (1) dyssynergic 
defecation and (2) inadequate defecatory propulsion. The 
diagnostic criteria for functional defecation disorders are as 
follows: 

1. The patient must satisfy diagnostic criteria of func- 

tional constipation 


2. During repeated attempts to defecate, the patient 

must have at least two of the following: 

a. Evidence of impaired evacuation, based on balloon 
expulsion test or imaging 

b. Inappropriate contraction of the pelvic floor mus- 
cles (e.g., anal sphincter or puborectalis) or less 
than 20% relaxation of basal resting sphincter pres- 
sure by manometry, imaging, or EMG 

c. Inadequate propulsive forces assessed by manom- 
etry or imaging 

The problem with most gynecologic literature is that 
investigators have not clearly separated out these different 
types of disorders and have just placed these patients as 
being or not being “constipated.” 

Normal transit constipation is probably the most com- 
mon form of constipation, although this has not been for- 
mally studied. In these patients, stool frequency may be 
normal, but patients feel constipated and may report dif- 
ficulty with defecation, bloating, abdominal pain, and hard 
stools. On testing, patients in this group may have increased 
rectal compliance, reduced rectal sensation, or both (Ashraf 
et al., 1996). Patients with slow-transit constipation typi- 
cally have decreased number of high-amplitude propagated 
contractions of the bowel. This may result from abnormali- 
ties of the myenteric plexus, decreased interstitial cells of 
Cajal that are required to generate smooth muscle electrical 
slow wave, diminished excitatory extrinsic nervous input, 
or extrinsic inhibitory activity (He et al., 2000). Those with 
defecation disorders may have normal or slightly slowed 
transit studies but have preferential storage of stool in the 
rectum. They also have higher defecatory sensation thresh- 
olds and may tolerate higher volumes in the rectum. Based 
on the Cleveland Clinic experience, outlet-type symptoms 
of constipation seem to be the predominate subtype seen 
in patients with other pelvic floor disorders such as pelvic 
organ prolapse and incontinence. Patients with dyssyn- 
ergic defecation (the older term for this is anismus) have 
paradoxical contraction or failure to relax the pelvic floor 
muscles during attempts to defecate. Physical examination 
may reveal a failure to relax the puborectalis or paradoxi- 
cal contraction during an attempted defecation, and they 
have laboratory testing showing evidence of inappropriate 
contraction or failure of relaxation of the pelvic floor dur- 
ing attempts to defecate. Structural abnormalities are less 
common but include rectal prolapse and/or intussusception, 
rectocele, and excessive perineal descent. 

The pathophysiology of constipation continues to evolve. 
Investigators have attempted to examine the relationships 
between slow transit disorders and external neuropathy 
conditions, such as spinal cord injury, Parkinson’s disease, 
multiple sclerosis, and diabetes. The premise behind these 
disorders is that the symptoms of constipation result from 
motor and sensory disturbances, ultimately leading to 
delayed transit or physiologic disorders of the colon and 
pelvic floor. Neuropathy of the enteric nervous system may 
also occur in patients with Chagas’ disease secondary to 
infection from Trypanosoma cruzi, Hirschsprung’s disease, 
or chronic laxative abuse. Studies of the pathophysiology 
of disorders of defecation have examined altered anorectal 
motor and sensory function. These include studies involving 
perceptual responses to controlled rectal distension, altera- 
tions to visceral sensation, and pudendal nerve terminal 


motor latencies. For example, there is evidence that dyssyn- 
ergia of the puborectalis and external anal sphincter muscles 
during defecation, leading to outlet dysfunction and consti- 
pation in patients with multiple sclerosis, is due to a spinal 
lesion. Mathers et al. (1989) showed that this functional 
abnormality also occurred in patients with Parkinson’s dis- 
ease and that, in Parkinson’s disease, it was responsive to 
dopaminergic medication. DeGroat et al. (1990) showed 
that interruption of pathways in the spinal cord can result in 
detrusor-sphincter dyssynergia, and it is therefore likely that 
paradoxical puborectalis contraction in multiple sclerosis is 
due to interruption of spinal pathways by demyelination. 
The data provide evidence that functional bowel disorders 
may be more intimately associated with the neurologic sys- 
tem than is commonly thought. Despite these advances, our 
knowledge of neuroanatomy and its relationship to func- 
tional disorders of the bowel remains in its infancy. 


Epidemiology 


Constipation is a commonly encountered problem in medical 
practice and is expected to increase dramatically. The U.S. 
population is becoming older and more likely to be living with 
chronic neurologic disease and to reside in nursing homes. 
Estimates of incidence and prevalence vary depending upon 
the definition used (i.e., self-reported constipation or ROME 
criteria) and the population studied. The data available on the 
incidence of constipation are few. Talley et al. (1992) showed 
the onset of constipation of 40 per 1000 person-years in 
white residents of a single county in Minnesota. The symp- 
tom remission rate was 309 per 1000 person-years. Stewart 
et al. (1999), in a large U.S. epidemiologic study containing 
more than 10,000 individuals, found an overall constipation 
prevalence of 14.7% in the general population. Higgins and 
Johanson (2004), in a systematic review of the epidemiology 
of constipation in North America, concluded that a conserva- 
tive estimate of 15% of the North American population, or 
42 million individuals in the United States alone, suffer from 
constipation. Worldwide estimates are similar, with 12% of 
people reporting self-defined constipation (Wald et al., 2008). 

Subtypes of constipation among the U.S. population in men 
and women showed functional constipation in 4.6%, constipa- 
tion-predominant IBS in 2.1%, outlet subtype constipation in 
4.6%, and IBS-outlet subtype in 3.6% (Stewart et al., 1999). 
Overall, women had higher rates of outlet disorders. However, 
when these constipation subtypes were broken down by gen- 
der, the only statistical difference was in women being more 
likely to have IBS-outlet subtype of constipation. Higgins and 
Johanson (2004), in a large systematic review, concluded that 
the prevalence of constipation stratified by gender showed 
constipation to be approximately 2.2-fold more frequent in 
women. Most of the studies that stratified by age found con- 
sistent trends of increasing prevalence of constipation with 
age, with significant increases after age 70 years. Interestingly, 
when Sandler and Drossman (1987) stratified by subtypes of 
constipation in women by age, the prevalence of constipation 
actually decreased as they got older. 

Most data suggest similar racial differences in the preva- 
lence of constipation, with an average prevalence of 1.17- to 
2.89-fold more frequent in nonwhites than in whites. Outlet- 
type constipation was also more prevalent among nonwhites 
in the data from Sandler and Drossman (1987). 
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FIGURE 32.1 One study of prevalence of subtypes of constipation 
in 302 consecutive patients presenting to the Cleveland Clinic for 
pelvic organ prolapse (POP) and urinary incontinence (UI) versus 
the U.S. population data. (From Stewart WF, Liberman JN, Sandler RS, 
et al. Epidemiology of constipation [EPOC] study in the United States: 
relation of clinical subtypes to sociodemographic features. Am | Gastro- 
enterol 7999;94:3530.) IBS, irritable bowel syndrome. 


Because of the high prevalence, constipation consumes 
substantial health care resources. Constipation is one the 
five most common physician diagnoses for gastrointestinal 
disorders. Data from the National Ambulatory Medical 
Care Survey and the National Hospital Ambulatory Medi- 
cal Care Survey suggest that ambulatory visits for constipa- 
tion increased from 4 million visits per year from 1993 to 
1996 to almost 8 million visits per year from 2001 to 2004 
(0.72% of all ambulatory visits) (Shah et al., 2008). The 
annual direct medical costs for constipation were recently 
estimated to exceed $230 million and the costs incurred by 
women with constipation were double that of women with- 
out constipation (Martin et al., 2006; Choung et al., 2011). 

At our institution, more than 300 women who presented 
to a urogynecology clinic for either pelvic organ prolapse or 
incontinence had an overall prevalence of constipation of 
36%, as defined by the ROME II criteria. When this sample 
was stratified by subtype, 5% had functional constipation, 
19% outlet type, 5% constipation-predominant IBS, and 7% 
IBS-outlet type (Fig. 32.1). Given recent population shifts 
in North America, constipation and its associated outlet dis- 
orders make this a condition with which gynecologists and 
urologists should be familiar. 


Evaluation 


Patients who report constipation often have features of 
both slow-transit disorders and defecatory (outlet-type) 
disorders. When attempting to evaluate constipation, it is 
convenient to try to separate out these two pathophysi- 
ologic mechanisms and tailor the treatment accordingly. It 
is also helpful to distinguish between transient constipation 
that started at a time of change in dietary habits or lifestyle 
changes and those that are chronic. At the conclusion of 
the initial clinical evaluation, it should be possible to clas- 
sify patients into the following categories (Bharucha et al. 
2013): 
1. Normal transit constipation with normal colonic tran- 
sit and defecation 
2. Slow transit constipation when pelvic floor function is 
normal and there is evidence of slow transit 
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3. Defecatory disorders including failure of relaxing the 
pelvic floor during defecation or descending perineal 
syndrome 

4. Combination of numbers 2 and 3 

5. Organic constipation due to mechanical obstruction 
or side effects of medications 

6. Secondary constipation due to metabolic disorders 

A thorough history and physical examination is the first 

step toward treatment. Laboratory, radiologic, and other 
tests are done based on the history and physical examination. 


History 


The history begins with clarification of the nature of the 
defecation problem, such as number of stools per week, 
difficulty expelling stool or a feeling of incomplete defeca- 
tion, pain with defecation, consistency of stool (including 
hard or lumpy stools), and duration of the problem. Some 
patients experience rectal pressure or fullness. Others 
may need to use their fingers to expel stool or stabilize the 
vagina or perineum, referred to as splinting, during defe- 
cation. They may be embarrassed to admit some of these 
practices and may need to be encouraged to tell this infor- 
mation. Additionally, a dietary history, including questions 
about the amount of dietary fiber and fluid consumed daily, 
is necessary. 

Ruling out associated medical problems that may 
lead to secondary constipation (Box 32.2) is important. 
Constipation is more common in people with neurologic 
disease, such as multiple sclerosis and spinal cord injury. 
Diabetes may also be associated with constipation. Recent 
changes in routine, such as levels of diet and exercise, may 
contribute to constipation. Self-reported constipation is 
higher in individuals with the least exercise (odds ratio 
(OR) = 1.2-3.3). Sandler and Drossman (1987) found 
that decreased caloric intake favored constipation with an 
OR of 1.15. In patients with severe constipation and no 
obvious cause, histories of physical and/or sexual abuse 
may be found. 

Past surgeries may provide clues and should be elicited. 
Some debate exists as to whether hysterectomy causes con- 
stipation. In 1992, Prior et al. reported on 200 patients who 
underwent hysterectomy and found that 5% developed con- 
stipation-predominant IBS. In 2004, Altman et al. reported 
on 120 consecutive patients who underwent either vaginal 
or abdominal hysterectomy. No statistical difference was 
present in preoperative and postoperative bowel emptying 
difficulties or incomplete bowel evacuation. 

The Bristol Stool Form Scale is a useful tool that uses 
visual images of various forms of stool consistency on a 
7-point scale. This scale has been compared against stool 
transit times and is easily understood by patients (Heaton 
and O’Donnell 1994; Lewis and Heaton 1997; Degen and 
Phillips 1996). It may be particularly useful in patients 
who self-report constipation who have three or more bowel 
movements per week to establish whether hard or lumpy 
stools are present. 


Physical Examination 


The physical examination is tailored to the patient. The 
abdominal examination is usually normal, but masses, 


PERSONAL HABITS 
Low physical activity 
Low calorie diet 
Employment status 


OBSTRUCTIVE 

Colon 

Neoplasm 

Benign stricture (i.e., diverticula) 
Rectal prolapse 

Anal outlet obstruction 

Pain (i.e., anal fissure) 

Stenosis 

Rectocele 

Pelvic floor dyssynergia 


MEDICATIONS 

Narcotics 

Antidepressants 

Mineral supplements (i.e., iron, calcium) 
Anticholinergics 

Beta blockers, calcium channel blockers 


ENDOCRINE 
Hypothyroidism 
Hypercalcemia 
Hypokalemia 
Diabetes mellitus 
Uremia 


NEUROLOGIC 

Aganglionosis (congenital: Hirschsprung’s disease; acquired: 
Chagas’ disease) 

Central nervous system or spinal cord trauma or disease 
(Parkinson’s disease, multiple sclerosis) 


PREGNANCY 
PSYCHIATRIC CAUSES 
OTHER 


palpable stool in the colon, and surgical scars and hernias 
should be noted. The perineal examination starts with an 
inspection, looking for anal fissures or abnormalities. Ask- 
ing the patient to strain may demonstrate perineal descent, 
widening of the perineal body, rectal prolapse, or a recto- 
cele protruding into the vagina. Digital examination rules 
out fecal impaction, anal stenosis or stricture, external or 
internal rectal prolapse, pelvic or rectal masses, and recto- 
cele. The examiner should note the consistency of stool in 
the rectum. The tone of the levator ani muscles on vaginal 
and rectal examination should be assessed at relaxation and 
with straining. Paradoxical contraction may be suspected if 
the patient’s failure to relax the puborectalis is noted when 
asked to simulate defecation. These patients often have a 
history of excessive straining before elimination. Even soft 
stools and enema fluid are difficult to pass. Digital examina- 
tion has been shown to have excellent negative predictive 
values (96%, 96%, and 80%, respectively) when examining 
patients for rectocele, pelvic floor dyssynergia, and/or rectal 
intussusception (i.e., if it is not found on examination, it is 
unlikely to be present). Pain on the border of the puborecta- 
lis is a feature of some anorectal pain disorders with associ- 
ated pelvic muscle spasm. 


Few clinicians would dispute the association between 
vaginal prolapse and symptoms of constipation, although a 
direct relationship between the two is not clear. In 1998, 
Weber et al. described 143 women who completed a ques- 
tionnaire assessment of bowel function with standardized 
examinations, using the Pelvic Organ Prolapse Quantifi- 
cation (POPQ) method. In 26.6% it was rare to require 
straining to have a bowel movement; in 49.6% straining was 
sometimes required; in 14% straining was usually required; 
and in 9.8% straining was always required. Thirty-one per- 
cent needed to help stool come out by pushing with a finger 
in the vagina or rectum. Severity of prolapse was not related 
to severity of bowel dysfunction. In a Swedish population 
of 491 women, when a rectocele was present, 18% reported 
problems with emptying the bowel at defecation compared 
with 13% in the nonrectocele group (Samuelsson et al., 
1999). However, constipation was not related to prolapse 
in this population. 

Patients greater than ages 40 to 50 should be considered 
for colonoscopy or sigmoidoscopy. This examination rules 
out neoplasms, a solitary rectal ulcer (erythema or ulcer- 
ation on the lower anterior rectal wall thought to be from 
trauma secondary to internal rectal prolapse), or melanosis 
coli (brown-black discoloration of the mucosa from chronic 
use of certain laxatives). 


Laboratory Evaluation 


Blood work to assess levels of potassium, calcium, renal 
function, and glucose are performed initially. Thyroid func- 
tion tests screening for hypothyroidism are also drawn, if 
a problem is suspected. Although these studies are often 
measured, the diagnostic utility and cost-effectiveness 
of these tests have not been evaluated and are likely low 


(Muller-Lissner et al., 2005). 


Testing 


Further testing depends on the severity of symptoms and 
findings on physical examination. At this stage in the man- 
agement of constipation, the majority of patients require no 
further testing, and the physician can proceed to medical 
therapy. A therapeutic trial of fiber is warranted if no cause 
has been found. Patients who do not respond may require 
further diagnostic evaluation to identify the subgroups of 
constipation. The tests chosen depend on patient charac- 
teristics and severity of symptoms. Testing is useful to dis- 
tinguish between patients with defecatory dysfunction and 
slow transit. Three main physiologic tests can be used to 
assess defecatory dysfunction: balloon expulsion test, ano- 
rectal manometry, and colon transit studies. In patients with 
symptoms that are highly suggestive of pelvic floor dysfunc- 
tion, anorectal testing with rectal balloon expulsion test 
and anorectal manometry are first considerations and may 
be considered even before trying laxatives (Bharucha et al. 


2013). 


Balloon Expulsion Test 


The balloon expulsion test has been used to exclude patients 
with constipation suspected of having defecatory disorders. 
Normally, rectal distension is simulated with a fluid-filled 
balloon, usually a lubricated latex condom, in the rectum. 
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This is tied to a catheter that is introduced into the rectum. 
Water is instilled into the balloon, and total volume is mea- 
sured when the patient has a sustained feeling of necessity 
to defecate. The time required to expel the rectal balloon 
in the seated position is measured. Patients should be able 
to expel the balloon in less than 1 min to up to 5 min (Rao 
et al., 1999; Noelting et al., 2012). In 2004, Minguez et al. 
identified patients with functional constipation, both with 
and without pelvic floor dyssynergia. Balloon testing was 
performed, showing a specificity and negative predictive 
value of balloon testing for excluding defecation disorders 
of 89% and 97%. This may be a useful screening test in clini- 
cal practice because patients with a normal balloon expul- 
sion test result, independent of the frequency of defecatory 
symptoms, do not need other functional studies that are 
more expensive and difficult to perform to rule out pelvic 
floor dyssynergia. 


Anorectal Manometry Testing 


In the evaluation of constipation, manometry is most help- 
ful in excluding Hirschsprung’s disease by the presence of 
a normal recto-anal inhibitory reflex and a supporting clini- 
cal impression of defecatory disorders as evidenced by high 
anal resting pressures, typically 290 mmHg, with relatively 
little voluntary augmentation suggestive of a nonrelaxing 
pelvic floor (Bharucha et al., 2013). Brief distension of 
the manometry balloon normally leads to reflexive inter- 
nal sphincter relaxation and external sphincter contraction. 
This is called the rectal anal inhibitory reflex. In patients 
with Hirschsprung’s disease, this does not occur. Compli- 
ance of the rectum can be calculated by measuring the 
sensitivity and maximal volume tolerated in a fluid-filled 
balloon. An increased compliance can be seen in patients 
with constipation and signals a megarectum or insensitive 
rectum (Bharucha et al., 2013). Manometry may also be 
therapeutically used for patients with constipation in anal 
manometry-assisted biofeedback discussed below. 


Colon Transit Testing 


The colonic transit study is an important test to evaluate the 
colon for slow transit. Patients must stop all laxative use 48 h 
before the study. They should also consume a high-fiber diet 
(30 g daily) and refrain from using enemas. Many variations 
of this study are known, but, basically, patients consume a 
commercially prepared capsule that contains a certain num- 
ber of radiopaque markers. The Hinton technique involves 
ingesting a capsule containing 24 radiopaque markers; nor- 
mally, less than 5 markers should remain in the colon on an 
abdominal radiography 5 days later (Hinton et al., 1969). 
Another method involves ingesting a capsule containing 24 
markers on days 1, 2, and 3 and then counting the mark- 
ers remaining on a plain abdominal radiograph on days 4 
and 7. A total of <6 to 8 markers remaining in the colon 
is considered normal. Some clinicians divide the colon into 
right, left, and rectosigmoid to determine the transit time 
of each segment. This allows distinction between whole gut 
dysmotility, as seen by evenly distributed markers through- 
out the colon to the rectum, versus anal outlet obstruction, 
in which the markers progress quickly through the colon 
and are held up in the rectal sigmoid region. In another pat- 
tern, markers proceed through the colon and accumulate in 
the left colon and stop. This signals left colonic dysfunction. 
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FIGURE 32.2 Defecating proctogram demonstrating a rectocele 
(arrow) during the defecation. 


Barium and Magnetic Resonance 
Defecography Testing 


Defecography is useful when anorectal testing are incon- 
sistent with the clinical impression and/or to identify ana- 
tomic abnormalities. Defecography is performed by placing 
a paste of contrast material into the rectum to simulate 
stool. Radiographs are taken at rest and during straining. 
During the examination, the patient sits on a commode 
behind a curtain, and fluoroscopy is performed to obtain the 
pictures. The items examined include the angle between 
the anal canal and rectum at rest, strain, and squeeze. The 
ability to evacuate contrast material, presence of a recto- 
cele, and evidence of intussusception should be noted. Dur- 
ing normal defecation, the anal canal becomes straighter, 
which, in turn, lengthens the angle. If this does not occur, 
the puborectalis muscle may be inappropriately contracting 
and may prohibit the expulsion of the contrast (and stool). 
The amount of descent of the perineum is noted because 
this may be associated with anal outlet obstruction and con- 
stipation. Additionally, enfolding of the walls of the rectum 
with defecation, as is seen with internal prolapse, is evalu- 
ated. Defecating proctogram may be useful in establishing 
the diagnosis of internal rectal prolapse or rectoceles. These 
studies help delineate the rectoceles that are displaced ante- 
riorly, not fully emptying, and may require repair (Fig. 32.2). 
Also, enteroceles and sigmoidoceles can be seen. It should 
be noted that this test is embarrassing for the patient, and 
complicated and unstandardized for the radiologist to per- 
form. Therefore, the results may not always demonstrate 
the abnormality or may not be totally accurate. Defecog- 
raphy is useful for assessing rectal evacuation. It provides 
functional or morphologic features of the defecatory maneu- 
ver. However, there is a poor correlation between studies of 
defecography and electromyography (EMG) or manometry 
for diagnosing pelvic floor dyssynergia. 

A barium enema or colonoscopy will diagnose anatomic 
abnormalities, such as stricture or cancer. At times, a 


barium enema is preferred because it defines the borders of 
the colon and may show a redundant or chronically dilated 
colon (megacolon) or rectum (megarectum). Colonoscopy 
should be performed in patients over 50 years old to screen 
for colorectal cancer or in those with alarming features 
such as unintentional weight loss, blood in the stool, ane- 
mia, sudden changes in bowel habits or abdominal pain, and 
a family history of colon malignancy. Magnetic resonance 
defecography avoids radiation exposure and is better for 
visualizing bony landmarks that are necessary for measuring 
pelvic floor motion. The main limitation is that most closed- 
configuration magnetic resonance systems permit imaging in 
the supine position only, which limits the ability to identify 
intussception (Bertschinger et al., 2002). 


Nonsurgical Treatment 


Most guidelines recommend that diet and lifestyle modifica- 
tions be tried before pharmacological interventions. In gen- 
eral, recommended treatment pathways are to: (1) exclude 
other pathologies and secondary causes of constipation; (2) 
begin treatment with dietary and lifestyle adjustments; (3) 
suggest osmotic laxatives, stool softeners, and bulk laxatives 
with no consensus on the order in which these are recom- 
mended; (4) suggest stimulant laxatives, suppositories and/ 
or enemas; and (5) consider surgery as a last resort or to 
treat identified disorders requiring surgical correction (Tack 
et al., 2011). 

The majority of patients with constipation can be treated 
nonsurgically. If possible, it is important to correct associ- 
ated medical or gastrointestinal abnormalities. These include 
problems such as hypothyroidism and hypokalemia. Hyper- 
parathyroidism should be ruled out in patients with elevated 
calcium levels. Medications that are known to cause consti- 
pation sometimes can be modified to relieve the symptoms. 
Dispelling the myth that a daily bowel movement is “nor- 
mal” initiates medical treatment. Many laxative manufac- 
turers suggest that daily bowel movements are essential for 
a happy life in an effort to sell their products; however, this 
is not simply true. Next, a careful dietary history may pro- 
vide clues to easily correctable problems that do not require 
specific drug treatment. However, there is no evidence that 
constipation can be treated by increasing fluid intake unless 
there is evidence of dehydration (Muller-Lissner et al., 
2005). Patients without these obvious or correctable prob- 
lems should be started on medical management. 


Medications 


Bulk-Forming Laxatives and Fiber 


Low dietary fiber is not the main determinant of constipa- 
tion. A large British study by Connell et al. (1965) showed 
no relationship between dietary fiber intake and whole gut 
transit time. Constipated patients on the average do not 
eat less fiber than nonconstipated controls. Finally, patients 
who are constipated have lower stool weights and longer 
transit times than controls, whether or not they are treated 
with wheat bran. Despite this, fiber does work and is rec- 
ommended, if treatment is needed. Dietary fiber intake 
increases stool frequency in patients with constipation, 
but does not improve stool consistency, treatment suc- 
cess, laxative use, or painful defecation (Yang et al., 2012). 


Bulk 


Hyperosmotic 
Lubricant 
Saline 
Stimulant 
Stool softeners 


From the U.S. Food and Drug Administration, Rockville, MD. 


FOOD (TOTAL FIBER) (g) 


One pear (4.2) 29 
One banana (3.9) 1.6 
One cup strawberries (3.5) 3.0 
One apple with skin (2.9) 2.8 
Half cup frozen boiled peas (10.3) 32 
Half cup cooked lima beans (5.5) 59 
Half cup frozen broccoli (4.0) 2.1 
Half cup cooked green beans (2.4) We 
Half cup raw tomatoes (1.9) 1.0 
One cup chopped lettuce (0.9) 0.5 


Data from Dubuc MB, Lahaie LC. Nutritive Value of Foods. Ottawa: National 
Library; 1987:16-158. 


Systematic reviews suggest that soluble (e.g., psyllium or 
ispaghula) but not insoluble dietary fiber (e.g., wheat bran) 
supplements improve bowel symptoms in chronic constipa- 
tion (Suares and Ford, 2011) and IBS (Bijkerk et al., 2004). 

Fiber is the nondigestible segment of plants. Humans 
should consume 20 to 35 g of fiber daily for bowel health; 
however, the average American consumes only 11 g daily. 
These agents promote evacuation of the bowel by increasing 
bulk volume and water content of feces. The mechanism of 
action using fiber may be done in four proposed ways. First, 
stool is 30% to 50% bacteria. Fiber provides substrate to 
increase the growth of bacteria and hence increase stool vol- 
ume. Second, undigested hydrophilic components of fiber 
absorb fluid and can increase the fluidity of stool. Third, 
fermentation of fiber produces short-chain fatty acids that 
decrease transit time in the colon. This allows less time for 
the colonic mucosa to be in contact with the luminal con- 
tents to reabsorb water, thus increasing the fluidity of stool. 
Finally, the weight of the stool is increased simply by the 
nondigested components in fiber. The use of fiber is dose- 
dependent in its effect on stool weight. It requires a week 
to reach steady state, and patients who have slow transit 
require more fiber. Box 32.3 is a guide to the commonly 
used laxatives. They are grouped according to the U.S. Food 
and Drug Administration classification. Natural fiber is clas- 
sified as soluble or insoluble fiber, and foods contain a mix- 
ture of these types. Stool size increases from the insoluble 
component of fiber. Foods high in insoluble fiber and their 
fiber content are listed in Box 32.4. 

Bulk laxatives are thought to be among the safest laxatives. 
These include familiar product names, such as Metamucil, 
Konsyl, Citrucel, and FiberCon. Dosage varies among prod- 
ucts. Bulk laxatives should be taken with sufficient fluids to 
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avoid esophageal bolus obstruction and bowel obstruction 
from fecal impaction. The optimum quantity of “sufficient 
fluids” is unknown, but, in adults, a full 8-oz glass of fluid 
is recommended. For diabetic individuals, sugar-free variet- 
ies are manufactured. Side effects of bulk laxatives include 
increased flatus, distension, poor taste, and bloating. Com- 
pliance with fiber may be as low as 50%. More than 60% of 
patients randomized to psyllium report adverse effects such 
as constipation and diarrhea and 40% of subjects drop out of 
clinical trials by 3 months (Suares and Ford, 2011). Gener- 
ally, patients are instructed to start with one or two daily 
doses with fluids and/or meals and gradually adjust the does 
after a 7 to 10-day period. This can be further increased, if 
needed, after several weeks. These agents take 12 to 72 h 
to exert an effect, so patients should be encouraged to try 
the product for 1 to 2 weeks. Sometimes the problems of 
increased flatus and bloating decrease with continued use. 
If these symptoms are too distressing, the patient should 
switch to another bulk laxative because the side effects may 
not be as distressing with another product. 


Osmotic Laxatives 


If more treatment is needed after bulk laxatives, osmotic 
agents can be regularly used supplemented by stimulant 
laxatives as needed. In general, there is more evidence of 
short-term and long-term efficacy for certain osmotic laxa- 
tives. A meta-analysis of seven controlled studies evaluating 
osmotic and stimulant laxatives reported a number needed 
to treat of 3 (Ford and Suares, 2011). Osmotic agents con- 
tain poorly absorbed substances that remain in the intes- 
tinal lumen, increasing the intraluminal osmotic pressure 
by drawing water into the lumen. The volume increases as 
the consistency decreases. The increased volume induces 
peristalsis. 

There are four main types of osmotic agents: polyethyl- 
ene glycol (PEG)-based solutions, magnesium citrate-based 
products, sodium phosphate-based products and nonabsorb- 
able carbohydrates. Patients with intractable constipation 
may benefit from daily administration of liquid PEG solu- 
tions, such as GoLYTELY or Colyte. A daily dosage of 8 to 
16 oz has been shown to improve stool frequency in chroni- 
cally constipated patients. Another form of polyethylene 
glycol (MiraLax) has been shown in placebo-controlled tri- 
als to increase bowel movement frequency. This medication 
is available in a powder form (17 g added to 8 oz of water) 
and may be useful for patients with slow-transit constipa- 
tion. These compounds are not absorbed and do not cause a 
net ion gain or loss, and thus are safe for patients with con- 
cerns of fluid overload or renal insufficiency. In a Cochrane 
Database review of 10 randomized trials comparing PEG to 
lactulose, PEG was superior to lactulose for improving stool 
frequency, consistency, and abdominal pain (Lee-Robichaud 
et al., 2010). 

Electrolyte-containing (magnesium- and sodium-based) 
laxatives are usually used to prepare patients for diagnostic 
bowel procedures and testing. They contain a magnesium 
cation or phosphate anion. Some believe that the nonab- 
sorbed ion produces an osmotic effect, which increases 
the intraluminal fluid and thus increases the volume of 
stool. However, recent studies suggest that their method 
of action may be to stimulate the release of cholecystoki- 
nin, which stimulates small bowel motility and inhibits 
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absorption of fluid and electrolytes from the small intestine. 
Saline laxatives can produce an evacuation within 2 to 6 h 
if given orally or 15 min if given rectally. Oral administra- 
tion should be accompanied by sufficient amounts of fluid 
to decrease holdover in the stomach and limit the possible 
effect of dehydration. Examples of these agents are mag- 
nesium citrate, milk of magnesia (magnesium hydroxide), 
magnesium sulfate, Phospho-soda (sodium phosphate and 
biphosphate), and Fleet enema (sodium biphosphate and 
phosphate). These agents should be used cautiously in 
patients with impaired renal function because magnesium 
and phosphate may cause electrolyte abnormalities. The 
sodium salts may cause congestive heart failure in suscep- 
tible patients. Electrolytes should be monitored in selected 
patients with use of these products. Additionally, enema 
preparations can cause rectal irritation. 

Lactulose is a synthetic disaccharide that is not digested 
by gastrointestinal enzymes and is not significantly absorbed 
in the small intestine. Lactulose is metabolized by colonic 
bacteria to short-chain organic acids. The osmotic activity 
of the nonabsorbable short-chain organic acids draws water 
into the lumen. Lactulose is a syrup, and the dosage is 15 to 
30 mL daily, increased to 60 mL daily, if necessary. It may 
take up to 2 days to produce stool. Use as an enema in a 
25% to 30% solution has been reported. Side effects include 
diarrhea, and the dosage must be titrated to each patient. 
Increased flatus and intestinal cramps can occur but usually 
subside with time. Lactulose contains galactose and lactose 
in small amounts and may alter serum glucose in diabetic 
persons. 

Sorbitol, another poorly absorbed carbohydrate, can 
cause chronic diarrhea in persons who consume sugarless 
candy and gum that contain it. It works similarly to lact- 
ulose by reaching the colon as an active osmol. It can be 
administered orally or as an enema to treat constipation. 

Glycerin suppositories promote fecal evacuation 15 to 
30 min after administration by stimulating rectal evacuation 
as a hyperosmotic agent drawing fluid into the rectum. Pos- 
sible side effects are abdominal cramping, rectal discomfort, 
and irritation of the rectal mucosa. 


Stimulant Laxatives 


Classes of stimulant laxatives include anthraquinones (cas- 
cara, senna (Senokot), and aloe), polyphenolic derivatives 
(phenolphthalein (Feen-a-Mint, Correctol, Ex-Lax) and 
bisacodyl (Dulcolax, Carter’s Little Pills)), and castor oil. 
Oral and some rectal preparations are available for these 
medications. The anthraquinones and polyphenolic deriva- 
tives work in 6 to 8 h. Short-term side effects include 
cramps, nausea, and abdominal pain. Castor oil works in 2 
to 6 h and is used mainly as a preparation for colonic pro- 
cedures or radiologic studies. Stimulant laxatives produce 
their effect by inducing propagated colonic contractions 
and appear to be safe even with long-term use. These agents 
may be used as rescue agents if a patient has not had a bowel 
movement in 2 days or more regularly if needed. These 
agents may decrease water absorption and increases secre- 
tions, probably through prostaglandins. It was once believed 
that long-term use may lead to cathartic colon syndrome 
(a dilated and atonic colon following extensive and pro- 
longed use of laxatives), melanosis coli (dark pigmentation 
of the colonic mucosa), or neuronal degeneration. However, 


studies suggest that stimulant laxatives (senna, bisacodyl) do 
not appear to damage the enteric nervous system (Dufour 


and Gendre, 1984; Kiernan and Heinicke, 1989). 


Stool Softener Laxatives 


Stool softeners exert a detergent-type effect through their 
hydrophilic and hydrophobic properties, which break down 
surface barriers, allowing water and lipids to enter the stool. 
This softens the stool and increases the fecal mass. Onset 
of action may take several days when administered orally 
because it may take that long for the softened stool to reach 
the rectum. Rectal administration produces an effect in 2 
to 15 min. Examples include docusate calcium (Surfak), 
docusate potassium (Dialose, Kasof), and docusate sodium 
(Colace, Comfolax, Modane Soft). Preparations of these in 
combination with stimulant laxatives include Feen-a-Mint, 
Correctol, Peri-Colace, and Doxidan. These agents have 
been suggested to decrease jejunal absorption and to damage 
villi, resulting in increased absorption of substances, such 
as mineral oil and phenolphthaleins. However, no serious 
adverse action is usually seen if these agents are taken alone. 
Side effects include diarrhea and mild abdominal cramping. 


Lubricant Laxatives 


Mineral oil is the most common lubricant laxative. A non- 
digested hydrocarbon with limited absorption, mineral oil 
decreases the absorption of water from stool and penetrates 
the stool to lubricate and soften. It can be used orally (15- 
45 mL daily in single or divided doses for adults) or in an 
enema (120 mL). Major concerns come with long-term 
use (>4 months) of this product. Oral use for more than 
2 weeks coats the small intestine and may interfere with 
vitamin absorption, especially vitamins A, D, E, and K 
(fat-soluble vitamins). For this reason, mineral oil should 
not be taken with meals. Additionally, many believe that it 
should not be administered at bedtime to reduce the occur- 
rence of aspiration of the mineral oil, which can produce 
lipoid pneumonia. Administration with docusate salts may 
enhance absorption of mineral oil, which can form lipoid 
granulomas in the reticuloendothelial system; therefore, 
administration of both together is usually avoided. Other 
side effects include pruritus ani, anal leakage, and diarrhea. 


Intestinal Secretagogues 


Patients who fail to respond to diet and laxatives are candi- 
dates for newer medications. Secretagogues (lubiprostone 
and linaclotide) accelerate transit and ease of defecation by 
stimulating a net efflux of ions and water into the intestinal 
lumen. Lubiprostone accelerates small intestinal transit and 
colonic transit by activating prostaglandin EP receptors and 
the apical cystic fibrosis transmembrane regulator (CFTR), 
which mediates intestinal fluid secretion. It is approved by 
the FDA at a dosage of 24 ug twice daily for the treatment 
of chronic constipation. Linaclotide also acts to open the 
CFTR chloride channel and produce a net efflux of ions and 
water into the intestinal lumen. The FDA approved dos- 
ages are 290 ug daily for IBS-C and 145 pg daily for chronic 
constipation. 


Serotonin 5-HT, Receptor Agonists 


Currently no highly selective 5-HT, receptor agonists 
are approved by the FDA for chronic constipation. The 


European Agency for Evaluation of Medicinal Products has 
approved prucalopride for chronic constipation in individu- 
als who have failed laxative use, at a dose of 2 mg/day in 
adults and 1 mg/day in elderly adults (Ford and Suares, 
2011). 


Biofeedback 


Patients with rectal evacuation problems manifested only 
by a hold-up of markers in the rectum during the colonic 
transit study as well as those patients with defecation dis- 
orders diagnosed by balloon or anorectal manometry test- 
ing should be managed with biofeedback-augmented pelvic 
floor therapy. Biofeedback strategies aim to instruct patients 
how to adequately contract the abdominal wall while relax- 
ing the pelvic floor muscles during defecation. Visual or 
auditory signals are used to feedback physiologic activity to 
patients. In hyposensory patients, sensory training may be 
used by gradually reducing the volume of the rectal balloon, 
allowing patients to recognize earlier sensations of rectal fill- 
ing. Controlled trials show that pelvic floor retraining with 
biofeedback is more effective in patients with defecatory 
disorders than in patients with slow colonic transit. One 
study demonstrated that 71% of patients with dyssyner- 
gic defecation but only 8% of patients with isolated slow 
colonic transit achieved adequate relief after biofeedback 
therapy (Chiarioni et al., 2005). Additionally, some patients 
with slow colonic transit appear to improve after pelvic 
floor therapy and biofeedback therapy, reinforcing the con- 
cept that delayed colonic transit may be secondary to pelvic 
floor dysfunction (Chiarioni et al., 2005). Moreover, three 
controlled studies showed that biofeedback therapy is more 
effective than polyethylene glycol (Chiarioni et al., 2006), 
sham feedback (Rao et al., 2007), or diazepam (Heymen 
et al., 2007) in defecatory disorders. These trials used five to 
six training sessions lasting 30 to 60 min at 2-weekly inter- 
vals. In summary, biofeedback therapy is essential in man- 
aging evacuation disorders due to pelvic floor dysfunction. 


Surgical Treatment 


Surgical treatment for patients with constipation can be 
divided into procedures for slow transit constipation and for 
defecatory disorders. 


Slow-Transit Constipation (Colonic Inertia) 


Severely constipated patients with slow transit demon- 
strated on colonic transit studies who are medically refrac- 
tory and who do not have pelvic floor dysfunction may 
benefit from subtotal colectomy. Operative choices include 
colectomy with ileosigmoid, ileorectal, or cecorectal anas- 
tomosis. Ileorectal anastomosis appears to be the proce- 
dure with the highest efficacy in properly selected patients 
(Hassan et al., 2006; You et al., 1998; Sunderland et al., 
1992). Ileosigmoid anastomosis appears to result in persis- 
tence or recurrence of slow transit constipation, whereas 
anastomosis to the middle or lower rectum may result in 
abnormally high stool frequency and sometimes fecal incon- 
tinence (Pemberton et al., 1991; Nyam et al., 1997). Symp- 
toms of infrequent and difficult evacuation are most likely 
to improve after colectomy with ileorectal anastomosis. 
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In up to 41% of patients, abdominal pain will persist after 
surgery, 14% of patients will develop diarrhea and/or fecal 
incontinence, and up to 18% will develop an adhesion- 
related small bowel obstruction. 

Thus, patients who fail medical management are candi- 
dates for subtotal colectomy with ileorectal anastomosis. If 
a patient has a slow transit constipation and concomitant 
pelvic floor dysfunction, it is advisable to have treatment 
targeted at the pelvic floor dysfunction first and to offer 
colectomy if symptoms persist. 


Sacral Nerve Stimulation 


It has long been appreciated that patients undergoing sacral 
neuromodulation for urinary disorders also see improvement 
in bowel dysfunction. Because of this, sacral neuromodula- 
tion has been used for patients with constipation resistant 
to conservative treatment for over 10 years. Although the 
mechanism of action is unclear, there are findings that neu- 
romodulation alters the representation of the lower gastro- 
intestinal tract in the sensory cortex. However, it remains 
unclear whether this affects bowel motility. A systematic 
review by Thomas et al. (2013) identified 13 studies (10 
in adults and three in children) describing results of sacral 
neuromodulation for chronic constipation. Test stimulation 
was successful in 42% to 100% of patients, and of those who 
proceeded to permanent implant, up to 87% showed an 
improvement in bowel symptoms with a median follow-up 
of 28 months. Symptomatic improvement also correlated 
with improvement in quality of life and overall satisfaction. 
Most adverse events are similar to those seen in fecal incon- 
tinence and are related to reprogramming, pain, or infec- 
tion. Sacral neuromodulation is not approved for treatment 
of constipation in the United States. 


Defecatory Disorders 


Dyssynergic Defecation 


Surgical division of the pelvic floor or sphincter muscles has 
been tried for nonrelaxing or paradoxical puborectalis con- 
traction. However, long-term improvement is seen in few 
patients, and biofeedback has become the mainstay of treat- 
ment for this problem. 


Rectal Prolapse 


Rectal prolapse or intussusception can be entirely internal 
(occult) or external and protrude through the anal sphinc- 
ter complex. Patients with rectal prolapse and constipation 
should undergo a complete evaluation before surgery. If dif- 
fuse slow-transit constipation is found, a colectomy with 
ileorectal anastomosis and rectopexy may be the procedure 
of choice. Patients with a normal transit and mild constipa- 
tion may benefit from a sigmoid resection with a colorectal 
anastomosis and rectopexy. Chapter 34 more fully discusses 
this condition. 


Rectocele 


Defecatory dysfunction is commonly associated with rec- 
toceles. This is a condition that results in the protrusion of 
the posterior vaginal wall and anterior rectal wall into the 
lumen of the vagina. Patients with a rectocele may complain 
of various symptoms during defecation, including straining, 
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Table 32.1 Transvaginal Rectocele Repair Symptoms 


Author (year) Number of Patients 


Preoperative (%) 


Postoperative (%) Follow-up (months) 


Arnold et al. (1990) 29 Constipation (75) Constipation (54) 
Anatomic cure (80) 
Mellegren et al. (1995) 25 Constipation (96) Constipation (88) 12 
Rectal bleeding (16) 
Dyspareunia (4) 
Vaginal bulge (84) Vaginal bulge (4) 
Kahn and Stanton (1997) 231 Constipation (22) Constipation (33) 52 
Dyspareunia (18) Dyspareunia (27) 
Vaginal bulge (64) Vaginal bulge (24) 
Kenton et al. (1999) 66 Constipation (41) Improved constipation (43) 12 
Dyspareunia (28) Dyspareunia (2) 
Vaginal bulge (86) Vaginal bulge (9) 
Porter et al. (1999) 125 Constipation (60) Constipation (50) 6 
Vaginal bulge (38) Vaginal bulge (14) 
Anatomic cure (82) 
Glavind and Madsen (2000) 67 Constipation (40) Improved constipation (88) 5 
Dyspareunia (12) Dyspareunia (6) 
Vaginal bulge (100) Vaginal bulge (0) 
Lopez et al. (2001) 25 Constipation (96) Improved constipation (91) 60 
Dyspareunia (19) Dyspareunia (33) 
Vaginal bulge (84) Vaginal bulge (4) 
Paraiso et al. (2001) 102 Straining (76) Straining (45) 12 
Manual evacuation (45) Manual evacuation (8) 
Fewer than two bowel Fewer than two bowel 
movements/week (13) movements/week (6) 
Sand et al. (2001) 70 Anatomic cure (90) 12 
Singh et al. (2003) 42 Vaginal bulge (78) Vaginal bulge (7) 18 
Anatomic cure (92) 
Cundiff and Fenner (2004) 69 Constipation (46) Constipation (13) 12 


Dyspareunia (29) 


feeling of incomplete emptying often necessitating the need 
for digitation or splinting to complete a bowel movement, 
rectal pain, a protrusion from the vagina, and vaginal and/ 
or perineal bulge. Although clinical examination has demon- 
strated good sensitivity in the detection of rectoceles, there 
seems to be no correlation between bowel function and the 
size of the rectocele. Thus, indications for surgical repair of 
rectocele are variable and not well defined. Because of this, 
investigators have attempted various tests to obtain insight 
into important dynamic information that may or may not 
improve with surgery. 

Defecography is useful in determining size and position 
of rectoceles, perineal descent, rectal intussusception, and 
pelvic floor dyssynergia. However, there are limitations 
using this imaging modality in patients with rectocele. For 
instance, data on whether size of a rectocele on defecog- 
raphy correlates with symptoms are conflicting. Although 
defecography is useful in evaluating how well a person evac- 
uates the rectum, no correlation is found between women 
who retain contrast and symptoms of defecatory dysfunc- 
tion or clinical outcome of surgical repair. Defecography 
may be useful in patients with pelvic floor dyssynergia, but 
the effects of this on the outcomes of rectocele repair are 
contradictory. Other studies, such as anorectal manometry, 
pudendal nerve terminal motor latency, endoanal ultraso- 
nography, and colonic transit studies, have not been helpful 
in clarifying which patients may benefit from surgery for 
rectocele in the presence of disorders of evacuation. 

The approach to surgical repair of rectoceles is pre- 
sented in Chapter 24. Outcomes of surgical intervention for 


Dysparenuia (19) 
Vaginal bulge (14) 


rectocele are limited by a lack of standardized definitions in 
the literature. Gynecologists often operate on patients who 
suffer from the presence of a vaginal bulge or specific symp- 
toms, such as splinting. A thorough history of symptoms of 
disordered defecation is often ignored, and classification of 
patients into standardized groups, such as those based on 
the ROME criteria, is lacking. Although most authors report 
that constipation improves after surgical repair, the symp- 
toms reported are not specific and do not provide insight 
into the mechanism of improvement, because it appears 
that most symptoms do not necessarily correlate with ana- 
tomic severity. Table 32.1 illustrates the lack of standardized 
outcomes used for vaginal approaches to rectocele repair, 
resulting in a wide range of success rates. Investigators need 
to standardize subjective, anatomic, testing, and global sat- 
isfaction outcomes in this area. 


Conclusion 


Constipation is a common, complex constellation of symp- 
toms with unclear pathophysiology that can produce mild or 
incapacitating symptoms. History and physical examination 
initiate therapy. Further laboratory, anatomic, and functional 
testing depend on the history and physical examination and 
the response to initial therapy. If the initial evaluation is 
normal or negative, an empiric trial of fiber (and/or dietary 
changes) can be followed by over-the-counter osmotic or 
stimulant laxatives. Most laxatives (and dietary fiber) are 
generally effective, inexpensive, and safe even for long-term 
use. For patients unresponsive to these measures, further 


investigation is warranted using various imaging or physio- 
logic tests. Behavioral therapy should be offered to patients 
with a documented defecatory disorder; if unresponsive, 
surgical therapy may be offered. Those with defecation 
disorders caused by dyssynergic defecation usually do not 
benefit from surgical therapy, and biofeedback is the main- 
stay of treatment for this group. For patients with continued 
constipation, newer agents such as secretagogues should be 
considered. 

Surgical intervention is mandated for patients with 
Hirschsprung’s disease and external rectal prolapse. Sacral 
neuromodulation may improve patients with constipation 
refractory to conservative therapies. Women with a rec- 
tocele present with complex clinical pictures and often 
report mixed gynecologic and anorectal symptoms. Lack of 
standardized definitions and unclear data regarding testing 
modalities complicate the appropriate medical or surgical 
management in these patients. 
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Anatomy of the Perineal Body, Distal 
Vagina, Rectum, and Anus 


Perineal body defects and rectovaginal fistulas (RVFs) are 
part of a spectrum of conditions that impact the poste- 
rior pelvic floor. The surgical interventions used to address 
these defects must be based on a clear understanding of the 
anatomic structures involved. A postobstetric pinhole fis- 
tula may occur in isolation (i.e., the perineal body and anal 
sphincters are completely intact) (Fig. 33.1); or maybe only 
the tip of an iceberg in which there is a significant defect of 
the entire perineal body and anal sphincters (Fig. 33.2). Sur- 
gical management of these various defects requires a clear 
understanding of the anatomy of the distal portion of the 
posterior vaginal wall, the perineal body, the anal sphincters, 
the rectum, and anal canal. 

The surgical anatomy of the posterior pelvic floor 
remains an area of controversy among surgeons and anat- 
omists. In recent years, there has been a clearer under- 
standing of the anatomy of the posterior vaginal wall and 
perineum, however, surgical studies in this area continue 
to use terms that are not anatomically based. Historically, 
the tissue that lies between the posterior vaginal wall and 
anterior wall of the rectum has been termed rectovaginal 
or (Denonvilliers) fascia. Histologic studies have noted that 
what has previously been termed fascia is actually vaginal 
muscularis (Farrell, 2001). At the level of the mid vagina, 
histological assessment of the posterior vaginal wall from 
the lumen of the vagina to the lumen of the rectum notes 
the following layers; vaginal epithelium, the lamina propria 
of the vagina, fibromuscular wall of the vagina (smooth 
muscle cells, elastin, and type II collagen) adventitia, outer 
muscular wall of the rectum, inner muscular wall of the 
rectum, lamina propria of the rectum, and rectal mucosa. 
Delancy (1999) discussed posterior vaginal wall anatomy in 
a review article and likened it to an open container. The 
front wall of the container is formed of the posterior vaginal 
wall whereas the bottom of the container is made up of the 
perineal body and anal sphincters. The levator ani muscles 
form the lateral sides of the container and the levator plate, 
where the muscles decussate behind the rectum to create 
the iliococcygeal raphe, form the back wall of the container. 
The uppermost portion of the container would then be cre- 
ated by the attachment of the posterior vaginal wall to the 
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uterosacral ligaments, which extend below the peritoneum. 
All of these boundaries are subject to defects that can give 
rise to different structural failures. 

The perineal body has been described as the central ten- 
don between urogenital and anal triangles (Fig. 33.1). It 
contains interlacing muscle fibers from the bulbospongio- 
sus and superficial transverse perineal muscles as well as the 
anterior portion of the external anal sphincter. There’s also 
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FIGURE 33.1 Small rectovaginal fistula with intact perineum and 
anal sphincters. 


FIGURE 33.2 Large rectovaginal fistula with complete perineal 
breakdown. 


contribution from the longitudinal rectal muscle and medial 
portions of the puborectalis muscles. 

Normally, the anus appears externally as a closed ante- 
rior/posterior slip with its lateral walls closely opposed. 
Damage to the surrounding sphincter mechanism may result 
in what has been termed a patulous anus (Fig. 33.2). The 
anus is anchored anteriorly by the perineal body and poste- 
riorly by the anococcygeal ligament to the coccyx. The anal 
canal typifies the meeting of structures with an endodermal 
and ectodermal derivation. The dentate line demarcates the 
boundary between the structures of the inferior hind gut 
and those of the proctodeum. The columns of Morgagni 
denote longitudinal folds of rectal mucosa that end as anal 
valves at the level of the dentate line. There are anal crypts 
present between the valves most notably clustered in the 
posterior anus. Obstruction of these crypts can give rise to 
infection that may result in abscess or a fistula. 

The anal sphincter apparatus involves the internal and 
external sphincters as well as the conjoint longitudinal mus- 
cle that encircles the anus. These structures play a crucial 
role in fecal continence. The internal anal sphincter is a 
smooth muscle that is described as a dense continuation of 
the inner circular layer of the rectum that extends approxi- 
mately 2.5 to 4 cm beyond the rectum. It arises at the junc- 
tion of the anus and the rectum (anorectal ring) and ends 
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approximately 1 to 1.5 cm distal to the dentate line. In con- 
trast, the larger external anal sphincter is an elliptical band 
of skeletal muscle circumscribing the entire length of the 
anal canal. This structure makes up the majority of the peri- 
neal body from its anterior portion. Superiorly, the external 
anal sphincter continues as the puborectalis muscle. Many 
anatomists and surgeons believe it should be considered a 
component of the puborectalis muscle, even though the two 
muscles have separate embryologic derivations and their 
muscle fibers do not intermingle (Figs 33.3). 


Classification and Presentation 
of Perineal Breakdown and 
Rectovaginal Fistula 


Perineal tears are most commonly classified in the following 
fashion: first-degree is a laceration of the vaginal-epithelium 
or perineal skin only; second-degree is first-degree with 
involvement of the perineal muscles and fascia, but not 
the anal sphincters; third-degree is disruption of the skin, 
mucous membrane, perineal body, and anal sphincter mus- 
cles; and fourth-degree is a third-degree tear with disrup- 
tion of the anal mucosa. The biggest problem with this 
classification is that it does not incorporate the depth of 
the external sphincter rupture or involvement of the inter- 
nal sphincter. If a third-degree tear is incorrectly classified 
as a second-degree tear, inappropriate repair could result 
in suboptimal outcomes. Sultan (2002) has thus proposed 
that third-degree tears be subclassified into less than 50% 
thickness of the external sphincter torn, greater than 50% 
thickness of the external thickness torn, or internal sphinc- 
ter also torn. 

RVF is a congenital or acquired tract between the rectum 
and the vagina. The communication is lined with epithelium 
and may occur at any point along the vagina. Most fistulas 
actually arise in the anal canal distal to the pectinate line. 
RVFs are classified according to their location and size; care- 
ful attention to both features allows determination of the 
approach for surgical repair. In a low RVF, the rectal opening 
is located close to the dentate line, with the vaginal opening 
just inside the hymen. In a high RVF, the vaginal opening is 
near the cervix (or apex of the vagina in a post-hysterec- 
tomy patient); the communication into the intestinal tract 
may be located in either the sigmoid colon or rectum. These 
fistulas usually require a laparotomy for repair. Such fistu- 
las may not be readily apparent on physical examination or 
endoscopy and may require contrast studies for diagnosis. 
A mid-RVF is found somewhere between the hymen and 
the cervix. RVFs range in size from tiny (<1 mm in diam- 
eter) to large where the rectovaginal defect encompasses 
the entire posterior vaginal wall. In using size as a criterion, 
fistulas <2.5 cm in diameter are considered small and those 
greater are described as large. Simple RVFs consist of small, 
low fistulas secondary to infection or trauma. These fistulas 
generally have healthy, well-vascularized surrounding tissue 
that can be repaired with local techniques. RVFs are con- 
sidered complex if they are large (>2.5 cm) high, or caused 
by inflammatory bowel disease (IBD). Recurrent fistulas 
are also considered complex because of their association 
with tissue scarring and decreased blood supply. Because 
healthy well-vascularized tissue needs to be introduced 
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FIGURE 33.3 The perineal body is the central point between the urogenital and anal triangles. It consists mainly of interlacing fibers from 
the bulbospongiosus muscle, the superficial transverse perineal muscle, and the external anal sphincter. There are also contributions from the 
longitudinal rectal muscle and the medial fibers of the puborectalis muscle. 


FIGURE 33.4 Widened vaginal hiatus, patulous anal opening, and 
complete loss of perineal body with significant retraction of the ends 
of the anal sphincter. 


after resection of diseased tissue, complex fistulas require 
more complicated surgical procedures for repair. 

Another method of classification is based on the underly- 
ing cause of the fistula, which will be a better predictor of 
the ultimate success of the repair, as it takes into consider- 
ation the integrity of the local tissue and the health of the 
patient. 


A patient with a perineal breakdown may be asymptom- 
atic or present with an array of symptoms, including pain 
and dyspareunia, a gaping introitus, and a variety of defeca- 
tory symptoms, including fecal incontinence if the sphincter 
mechanism is involved. A patient with an RVF is usually 
symptomatic. She most often complains of passage of fla- 
tus or stool through the vagina. Occasionally, the presenting 
complaint is a recurrent vaginal or bladder infection, which 
is the result of fecal soilage. A small fistula may be symp- 
tomatic only when loose or liquid stool is passed. Determin- 
ing the status of the anal sphincter mechanism is important 
when the patient’s complaints are consistent with fecal 
seepage. 


Etiologies of Rectovaginal Fistula 
and Perineal Breakdown 


Although the majority of cases of perineal breakdown are 
postobstetrical events, many different causes of RVFs have 
been identified (Box 33.1); the cause varies with the loca- 
tion of the fistula. Congenital RVFs are rare and are not 
discussed here. 


Obstetric Injuries 


Obstetric injuries are the most common cause of RVFs 
and perineal breakdown, causing up to 88% of fistulas in 
published series (Lowry et al., 1988). Tebeu et al. (2012), 
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in a recent review, concluded that risk factors for develop- 
ment of an obstetric fistula (vesicovaginal or rectovaginal) 
included teenage status at delivery, primiparity, prolonged 
labor, home delivery, and short status of delivery. 
Episiotomy is commonly performed in the practice of 
obstetrics. Kozok (1989) reported that approximately 62% 
of vaginal deliveries in the United States required episiot- 
omy (80% of nulliparous patients and 20% of multiparous 
patients). Approximately 5% of vaginal deliveries or 20% of 
episiotomies result in a rectal tear or anal sphincter disrup- 
tion. Although the majority of perineal injuries are success- 
fully repaired at the time of the delivery, dehiscence of an 
episiotomy repair can occur and is associated with infec- 
tion, abscess, fistula, or sphincter disruption. Up to 1.5% of 
women who undergo an episioproctotomy develop an RVF. 
Such fistulas present either immediately postpartum from 
failed recognition of a fourth degree injury or 7-10 days 
after an apparently normal repair. Midline episiotomy with 
resulting third-degree or fourth-degree laceration produces 
the greatest risk for development of an RVF. Mediolateral 
episiotomy, more common in British obstetric practice, 
causes fewer tears into the rectum when compared to 
midline incision. RVF after infection and dehiscence of an 
episiotomy most commonly occurs low in the rectovaginal 
septum but may extend much higher, especially in the case 
of a traumatic cloaca. Of paramount importance in these 
patients is an assessment of their degree of incontinence. 
Wise et al. (1991) noted that 27% of low RVFs had coexis- 
tent fecal incontinence, recommending a careful continence 
evaluation before embarking on a repair (see Chapter 31). 


Inflammatory Bowel Disease 


IBD, specifically Crohn disease, is the second most com- 
mon cause of RVFs and should be suspected in any instance 
when attempted repair has failed. Because ulcerative colitis 
is not a transmural disease, it usually does not cause such 
problems. RVFs will occur in up to 10% of female patients 
with Crohn disease. The etiology of these types of fistulas 
are that they originate either from an inflamed anal gland 
(which is associated with a better prognosis) or from a rectal 
ulcer (which is associated with poorer prognosis). Low RVFs 
will usually follow a less aggressive disease course, especially 
in the absence of rectal inflammation. Symptoms tend to 
be worse in higher fistulas. Active small bowel Crohn dis- 
ease and proctitis are usually associated with factors that 
result in a high risk of failure of fistula repair. Most com- 
monly, rectovaginal fistulas from Crohn disease will occur 
in the mid portion of the rectovaginal septum; however, in 


patients with anorectal Crohn disease, a fistula can extend 
into the most distal aspect of the vagina or perineum. An 
anovaginal or RVF in Crohn disease is more likely to result 
in proctectomy or a dysfunctioning stoma than anal Crohn 
disease without a fistula. 


Infection 


The most common nonobstetric infection causing an RVF is a 
cryptoglandular abscess located in the anterior aspect of the 
anal canal. Extension of such an abscess into the vaginal wall 
can result in fistula formation. Other infectious processes 
that may fistulize into the vagina include lymphogranuloma 
venereum, tuberculosis, and Bartholin abscess. Acquired 
RVF may be an early manifestation of human immunodefi- 
ciency virus infection in girls. Colovaginal fistula can result 
from diverticulitis, is usually located near the vaginal apex 
or cuff, and usually occurs in women who are postmeno- 
pausal and have previously undergone hysterectomy. 


Prior Anorectal Surgery 


RVF can occur after surgeries that involve the posterior 
vaginal wall or the anterior rectal wall. These include pro- 
cedures such as vaginal hysterectomy, rectocele repair, 
hemorrhoidectomy, local excision of rectal tumors, and low 
anterior resection. 


Cancer and Radiation Therapy 


RVFs can result from invasive cervical or vaginal cancer or 
from anal or rectal cancer. They also develop in up to 6% 
of women after pelvic irradiation for endometrial, cervical, 
and vaginal cancer and are dependent on the radiation dos- 
age. Fistulas that present early, during radiation therapy, are 
more likely to be caused by destruction of the carcinoma, 
whereas fistulas that occur later are caused by radiation 
injury to the tissue. Late fistulas are commonly associated 
with a rectal stricture. In a patient with a history of pelvic 
cancer, determining whether the RVF is caused by recurrent 
cancer is critical. This often requires examination with the 
patient under anesthesia, with tissue biopsies of the margins 
of the fistula. RVFs caused by radiation usually occur within 
2 years of the completion of the radiation. They are usually 
located in the mid or proximal vagina. Early warning signs of 
the development of a radiation-induced fistula include the 
passage of bright red blood per rectum, nonhealing rectal 
ulcerations, and anorectal pain. 


Diagnosis and Preoperative Evaluation 


During the history-taking process, determining whether 
there is a previous history of anorectal surgery, complicated 
vaginal deliveries, radiation therapy, or IBD is important. 
Determining the patient’s degree of continence is also 
important. The perineum and anus should be inspected and 
palpated. A bidigital examination is performed to palpate 
the thickness of the perineal body; the majority of RVFs will 
be appreciated during this maneuver. If a fistula is expected 
and its location is not obvious with inspection and palpa- 
tion, a careful vaginal speculum examination should be per- 
formed. Rigid proctoscopy may give information regarding 


the compliance of the rectum and health of the surround- 
ing tissue. If necessary, the vagina can be filled with water, 
and the site of the fistula will show the escape of air bub- 
bles. Also, a vaginal tampon can be placed after instilling 
methylene blue in the rectum. The tampon is withdrawn 
and inspected for blue staining after 15 to 20 min. If the 
previously described maneuvers still do not demonstrate a 
fistula, the fistula may be located in the upper rectum, and 
contrast studies are needed to establish the diagnosis. Vagi- 
nography with a water soluble contrast medium has a sen- 
sitivity of 79% to 100% (Bird et al., 1993; Giordano et al., 
1996). A barium enema is not as sensitive in identifying the 
fistula but may provide general information as to the health 
of the colon. A computed tomography scan of the abdomen 
and pelvis, using gastrointestinal contrast, may be helpful 
because it may show contrast in the vagina. 

Recently, magnetic resonance imaging (MRI) has been 
evaluated as a diagnostic tool for RVF. Dwarkasing et al. 
(2004), in a retrospective review, noted MRI images cor- 
rectly identified an RVF in 20 female patients with a known 
RVF. The MRI images also reclassified one patient as having 
a perianal fistula, a finding that was confirmed at the time 
of surgery. These authors concluded that MRI was superior 
to other radiologic tests in classifying RVF and identifying 
associated abscesses. 

In most cases of perineal breakdown and or RVFs, espe- 
cially postobstetric low fistulas, preoperative evaluation 
of the anal sphincter with transanal ultrasound should be 
considered. This allows clear visualization of the sphinc- 
ter mechanism, which may be very useful in preoperative 
surgical planning. An assessment of a patient’s degree of 
fecal incontinence is critical, as one study noted that 48% 
of women with rectovaginal fistula have fecal incontinence 
(Tsang et al., 1998). Proctoscopy may also be necessary to 
evaluate for coexisting anorectal disease. 


Surgical Treatment of Rectovaginal 
Fistula 


Despite advances in medical therapy, surgery remains the 
mainstay of RVF treatment and, like many surgical diseases, 
preoperative preparation and timing of repair are essential 
in planning an operation. 

Preoperative bowel preparation should be done for all 
patients. This reduces the fecal and bacterial load, reduc- 
ing the risk of postoperative infection and dehiscence of 
repair. Perioperative antibiotics, both oral and intravenous, 
should be administered. Consideration should be given to 
the placement of intraoperative ureteral catheters when 
using a transabdominal approach to repair a RVF in a previ- 
ously irradiated pelvis. Several surgical techniques, alone or 
in combination, are used for the repair of RVFs. Approaches 
include transvaginal, transanal, perineal, and abdominal. 
Most postpartum RVFs are repaired transvaginally. 

The surgical procedure performed depends on the cause, 
location, and size of the fistula, as well as the condition of 
the involved tissues. RVFs after obstetric trauma may spon- 
taneously heal; whereas those associated with Crohn dis- 
ease, cancer, or radiation injury have little chance of healing 
without surgical intervention. The tissues involved in an 
RVF should be given adequate time to heal after the acute 
injury. This allows maximum resolution of inflammation as 
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well as a decrease in size of the fistula tract. Most authors 
recommend a waiting period of 8 to 12 weeks after the 
injury before attempting surgical repair, although immediate 
operative repair of a fourth-degree episiotomy dehiscence is 
recommended by some (Uygur et al., 2004). Fistulas asso- 
ciated with IBD are unlikely to heal if severe proctitis is 
present. Inflammation must be controlled by medical treat- 
ment, especially if the RVF is low because a reparative pro- 
cedure is more likely to be successful if the proctitis has 
been controlled. 


High Fistula Repair 


Most surgeons use a transabdominal approach for the repair 
of a high rectovaginal or colovaginal fistula. The cause of 
high fistulas is usually inflammatory, including diverticulitis 
and Crohn disease. Radiation injury, traumatic injury, and 
carcinoma must also be considered. Bowel resection with 
primary reanastomosis, using nondiseased tissue, is the most 
successful approach. 


Midlevel Fistula Repair 


A midlevel RVF caused by trauma can be repaired suc- 
cessfully transrectally or transvaginally once local tissue 
inflammation has resolved. For the patient with an intact 
perineum, an intact external anal sphincter, and a fis- 
tula in the lower third of the vagina, most gynecologists 
would perform a transvaginal fistula excision and layered 
closure, whereas most colorectal surgeons would perform 
an endorectal advancement flap repair (Champagne and 
McGee, 2010). 

Most of these fistulas are secondary to obstetric trauma 
occurring in the mid to distal third of the vagina. The key 
to a successful repair is excision of the fistulous tract with 
a tension-free approximation of the edges of the defect. 
There should be excellent hemostasis, and perioperative 
antibiotics should be administered to decrease any poten- 
tial for infection. The following are descriptions of both a 
vaginal repair and a rectal advancement flap for a primary, 
nonirradiated RVF with an intact perineum. 


Transvaginal Repair of Rectovaginal Fistula 


1. The surgeon’s nondominant index finger is placed in 
the rectum to aid in identification of the fistula and to 
assess the extent of scarification (Fig. 33.54). A rectal 
finger will also facilitate dissection in the appropriate 
plane. 

2. The initial incision depends on the anatomic loca- 
tion of the fistulous tract. A midline incision in the 
posterior vagina can be used to the level of the fistu- 
lous tract, or an inverted U perineal incision may also 
be beneficial in lower fistulas (Fig. 33.5B). This allows 
easy mobilization of the posterior vaginal wall from 
the anterior rectal wall, as well as a partial rebuilding 
of the perineal body if necessary. If the external anal 
sphincter is intact, there is no reason to disrupt it. 

3. With traction of the vaginal wall, and a finger in the 
rectum to provide support to the rectal wall, sharp 
dissection is used to mobilize the posterior vaginal 
wall from the anterior rectal wall (Fig. 33.5C). 
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FIGURE 33.5 Rectovaginal fistula repair in a patient with an intact perineum. A, A rectovaginal fistula present in the midportion of the poste- 
rior vaginal wall. B, The dashed line demonstrates the site of the posterior vaginal wall incision. C, The vaginal wall is mobilized off the anterior 
rectal wall. D, The fistulous tract is excised. The rectal wall is cut back until fresh edges are encountered. 
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FIGURE 33.5, cont'd E, Extramucosal closure of the anterior rectal wall with interrupted, fine, delayed, absorbable sutures. F, The second layer 
imbricates the muscular portion of the wall of the rectum over the initial layer. The repair is completed by plicating the rectovaginal fascia and 


closing the posterior vaginal wall. 


4. After the vaginal walls are widely mobilized, the 
entire fistula tract is excised (Fig. 33.5D). The rectal 
wall is cut back until fresh edges are encountered, as 
noted by fresh bleeding. 

5. With the surgeon’s index finger elevating the ante- 
rior rectal wall, an initial row of 3-0 or 4-0 delayed, 
absorbable sutures are placed. These sutures are best 
placed extramucosally and should include a portion 
the muscularis and submucosa (Fig. 33.5E). 

6. A second layer of inverted sutures is then placed; this 
inverts the first suture line into the rectum. Ideally, no 
sutures penetrate the rectal lumen (Fig. 33.5F). 

7. If possible, a third layer of sutures is placed by plicat- 
ing the fascia of the posterior vaginal wall over the 
rectal closure and the vaginal epithelium is closed. 


Transanal Endorectal Advancement 
Flap Procedure 


1. The patient is placed in the prone position with the 
hips elevated (Fig. 33.6A). 

2. The fistula is identified through the anus, and a small 
probe may be used to follow the tract into the vagina 
(Fig. 33.6B). A hemostatic solution of 0.5% lidocaine 
with 1:200,000 epinephrine may be injected submu- 
cosally. The rectal ostium is circumscribed by an inci- 
sion placed 0.5 to 1 cm from the margins of the tract. 

3. A broad-based flap of mucosa, submucosa, and circu- 
lar muscle is developed and advanced distally. Before 
suturing the flap over the fistula site, the epithelium- 
lined tract is excised, and the muscular wall of the 
rectum is reapproximated with absorbable sutures 


(Fig. 33.6C). 


4. The flap is then secured with interrupted absorbable 
sutures (Fig. 33.6D). The vaginal side is left open to pro- 
vide drainage of the surgical site. Several authors report 
a high rate of success with this approach. Care must be 
taken to ensure that the rectal mucosa is not advanced 
too far, creating a mucosal ectropion and “wet anus.” 


Low Fistula Repair 


Simple fistulotomy is the treatment of choice for low fis- 
tulas lying distal to the anal sphincter mechanism. Caution 
must be taken when considering a fistulotomy near the 
anterior anal sphincter mechanism because even a normal 
sphincter mechanism is attenuated in this region. 

For RVFs in the lower third of the vagina, especially 
those that have followed obstetric trauma and have resulted 
in a damaged perineal body and anal sphincter mecha- 
nism, most gynecologists favor conversion of the fistula to 
an episioproctotomy followed by layered closure. This is 
done with the patient in the supine position via a perineal 
approach as described by Nichols (1993). Episioproctotomy 
permits excision of the entire fistulous tract followed by 
repair similar to that of a fresh fourth-degree perineal lac- 
eration. The technique requires transection and reunifica- 
tion of the external anal sphincter and the lower part of the 
internal sphincter. An overlapping or end-to-end external 
anal sphincteroplasty would be required to treat the anal 
incontinence. A risk of fistula recurrence is present as well 
as anal incontinence, if the healing is imperfect. 

For low fistulas above the external anal sphincter, as 
for lower midlevel fistulas, the approach favored by many 
colorectal surgeons is transanal repair using an endorectal 
advancement flap (Fig. 33.6). Repair from the rectal side 
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FIGURE 33.6 Technique of endorectal advancement flap procedure. A, The patient is placed in the prone position with the hips elevated in 
preparation for a low or midlevel rectovaginal fistula repair. B, With the patient in the prone position, the anal speculum is placed posteriorly. 
The rectovaginal fistula is identified by placing a small probe from the anus into the vagina. The dotted line outlines the incision in the rectal 
mucosa used to develop the advancement flap. C, The epithelium-lined fistula tract is excised, and the muscular wall of the rectum is reap- 
proximated with absorbable suture. The rectal advancement flap has been mobilized and is ready to be placed over the site of the fistula repair. 


D, The flap is secured with interrupted absorbable sutures. 


has the advantage of correction of the defect from the high- 
pressure side, perhaps resulting in less frequent failure of 
repair. The endorectal advancement flap also has the benefit 
of the interposition of healthy tissue, which is beneficial in 
the repair of both complex and recurrent fistulas. The ben- 
efit of a transvaginal or transperineal approach, which would 
be performed by most gynecologists, is that the perineum 
can be more appropriately reconstructed. 


Rectovaginal Fistula Secondary 
to Crohn Disease 


At the present time, surgery is the only effective treatment 
for RVF secondary to Crohn disease. An extensive range 


of surgical options are available. A recent study compar- 
ing transrectal advancement flap techniques to transvaginal 
advancement flap techniques noted no significant differ- 
ences in regard to outcomes (Ruffolo et al., 2009). Before 
this study, the rectal advancement flap route was generally 
considered to be the best treatment because repair was 
taken from a high pressure side of a high low pressure shunt, 
and the primary source of the fistula is excised and a layer of 
intact healthy tissue is interposed. The vaginal advancement 
flap technique instead consists of raising a vaginal flap with 
the incision made in the posterior vaginal wall around the 
fistula opening. The vaginal and rectal orifices are identified 
and repaired with absorbable sutures. The vaginal advance- 
ment flap technique has been estimated to be less risky and 


easier to perform in the presence of anal rectal stenosis. In 
summary, there are no prospective randomized controlled 
trials for the surgical correction of Crohn related RVF from 
which an evidence-based decision can be made. Until that 
time, the surgeon must use his or her clinical experience, 
personal knowledge, and assessment of the existing litera- 
ture to formulate an optimal treatment plan for patients 
with RVF from Crohn disease. This topic was recently cov- 
ered in a review article (Hannaway and Hall, 2008). 


Rectovaginal Fistula Plug Repair 


Biologic material placed through the RVF tract is one of the 
newer methods for repair, and has been termed an anal fis- 
tula plug. The material used is a bioprosthetic made from 
porcine intestinal submucosa (anal fistula plug, Cook Surgi- 
cal Inc., Bloomington, IN). A tapered plug is placed through 
the rectovaginal tract. Excess plug length is excised at both 
the rectal and vaginal ends. The plug is then secured with 
an absorbable suture in a figure-eight fashion on the rec- 
tal side and the vaginal side is left open for drainage. This 
way, the plug’s bottom rests flatly against the anal open- 
ing. On the vaginal side, the surgeon should make sure it is 
not too tight at the exit site such that it prevents drainage. 
Postoperatively, patients are instructed to avoid strenuous 
activity or heavy lifting as well as any sexual intercourse. 
Patients are given a 7-day course of oral antibiotics as well 
as metronidazole cream to be placed at the external opening 
twice per day for 7 days. Experience with this technique 
in patients with RVF is limited. Smaller studies have noted 
that bioprosthetic plugs are more successful in the treat- 
ment of simple uncomplicated anorectal fistula (Ky et al., 
2008). A recent study that used a Cook Surigis Anal Fistula 
Plug for complex anal fistulas noted only a 13.9% success 


rate (Safar et al., 2009). 


Complex or Recurrent Rectovaginal Fistulas 


For complex or recurrent RVFs, more advanced procedures 
are considered. In certain situations, such as radiation- 
induced RVFs, healthy tissue is necessary to be brought 
into the rectovaginal space to allow appropriate healing and 
avoid any breakdown of the repair. Various materials have 
been used to interpose between the vaginal wall and rec- 
tal mucosa. These have included gracilis muscle, martius 
fat pad, as well as the use of a variety of biologic materi- 
als. Interposition of the gracilis muscles in the rectovaginal 
septum is usually performed in conjunction with a plastic 
surgeon who will mobilize the distal insertion site of the 
muscle while preserving the neurovascular bundle that 
supplies the muscle and penetrates it more proximally. 
The plane between the rectum and vagina are developed 
and both openings of the fistula are closed. The muscle is 
placed in the space between the rectum and vagina and then 
sutured into place to avoid dislodgment. The area is thor- 
oughly drained and many times a proximal stoma is used 
before this procedure. Martius graft interposition has also 
been described as an interposition material for complicated 
urinary tract fistulas. This involves mobilizing the bulbocav- 
ernous muscle and fat to be interposed in the rectovaginal 
space. Mobilization of a martius graft as an interposition 
material for urethrovaginal fistula is described in detail in 


Chapter 41. 
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For complex fistulas that have failed multiple approaches, 
an abdominal approach with a full mucosectomy of the 
anal canal with full rectal mobilization and formation of 
a coloanal anastomosis is done. This approach is always 
done using a covering stoma. Ileostomy is preferred over a 
colostomy to avoid compromise of the reach of the rectum 
that a colostomy may invoke. Abdominal mobilization may 
be needed with a sleeve approach if there is insufficient 
bowel to reach the anus from the cut edge of the sleeve 
of rectal tissue. The abdominal mobilization of the rectum 
is usually carried out in the presacral plane. Occasionally, 
the splenic flexure must be mobilized and or the inferior 
mesenteric vessels divided to allow for sufficient reach and 
avoid tension. Great care must be taken if either of these 
maneuvers is needed to avoid injury to the marginal ves- 
sel that provides the blood supply to the distal cut bowel. 
Although this type of repair has typically been done open, 
a laparoscopic or robotic approach in select women could 
be considered. 


Fecal Diversion 


Diversion of the fecal stream is sometimes required to allow 
adequate healing of the rectovaginal septum. Construction 
of a stoma is rarely necessary before attempt at primary 
repair. However, if perineal sepsis is severe, early diversion 
of the fecal stream may be necessary. Diversion of the fecal 
stream by construction of a proximal stoma should also be 
considered after a complex repair of RVF, such as a colo- 
anal anastomosis, a Bricker onlay-type repair, or myofas- 
cial grafting. In addition, if previous attempts at repair of 
an RVF have failed, consideration should be given to con- 
struction of a stoma before an additional attempt at surgical 
reconstruction. 


Perineal Breakdown 


Perineal tears most commonly occur at the time of delivery. 
Although liberal use of episiotomy is not beneficial, the ideal 
episiotomy rate remains to be established. Midline episiotomy 
is definitely associated with an increased risk of extension of 
the laceration to the anal sphincter. To date, unfortunately, 
there is no consistent, mutually agreed upon approach to 
reparative techniques for obstetric anal sphincter injury. Ulti- 
mately, more focused and intensive training of physicians and 
midwives in perineal anatomy and repair is imperative. 

Perineal lacerations can occur acutely at the time of deliv- 
ery or may present more chronically many months or even 
years after delivery. Most cases of long-standing perineal lac- 
eration with disruption of the anterior anal sphincter com- 
plex lead to anal incontinence. The severity of symptoms 
varies with the degree of perineal laceration and sphincter 
loss. If the puborectalis portion of the levator muscle is well 
innervated and functional, it will provide some muscular 
contraction to permit control of feces. These patients often 
teach themselves a diet that will maintain their stools on 
the solid side. 

The technique for appropriate episiotomy repair at the 
time of delivery should involve complete reconstruction 
of the perineal body with reapproximation of the exter- 
nal and internal anal sphincters. Either an end-to-end or 
overlapping sphincteroplasty is appropriate. If the repair 
at the time of delivery breaks down, traditionally, a second 
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FIGURE 33.7 Technique of repair of complete perineal breakdown. A, A cloacal defect is noted in which the posterior vaginal wall and the 
anterior wall of the rectum are fused. An inverted U or transverse incision is made (inset). B, The rectovaginal space has been opened, and the 
posterior vaginal wall has been dissected away from the anterior wall of the rectum. The retracted ends of the external anal sphincter have 
been identified. Sutures incorporate small bites through the internal anal sphincter as they are passed to the opposite side. The completed 
end-to-end sphincteroplasty is shown (inset). C, The perineum has been completely reconstructed. The completed repair should show a 
perpendicular relationship between the posterior vaginal wall and the rebuilt perineum. Note, the anal opening becomes puckered and is no 


longer patulous. 


attempt should be deferred for a minimum of 8 weeks to 
provide sufficient time for resolution of the inflammatory 
response and return of adequate blood supply to the mar- 
gins of the defect. Some surgeons have advocated an earlier 
repair so that the patient can avoid 2 months of uncom- 
fortable symptoms (Uygur, 2004). If the entire perineal 
body is disrupted, including the internal and external anal 
sphincters, and the posterior vaginal wall heals directly to 
the anterior rectal wall above the level of the hymenal ring, 
the patient is said to have a cloacal deformity (Fig. 33.7). 

Several techniques have been described for reconstruc- 
tion of a complete, chronic perineal laceration. They include 
a layered repair, the Warren’s flap procedure, and the 
Noble-Mengert-Fish operation. Most commonly, a layered 
method of repair is performed. The following is the tech- 
nique for a layered closure of a complete perineal laceration 
that requires a sphincteroplasty: 


L: 


2. 


3: 


4. 


A transverse or inverted U perineal incision is made at 
the junction of the posterior vaginal wall and anal mucosa 
(Fig. 33.7A). The incision is extended far enough later- 
ally to access the retracted external sphincter. 

A midline incision is then made up along the posterior 
vaginal wall. Sharp dissection is used to completely 
mobilize the posterior vaginal wall from the anterior 
wall of the rectum. Any scar tissue is excised. 

Any defect in the anal mucosa is closed with inter- 
rupted no. 3-0 delayed, absorbable sutures. 

The edges of viable external anal sphincter are at times 
identified with the help of a nerve stimulator of low 
voltage cautery. The thickened, downward continua- 
tion of the circular, smooth muscle layer of the rectum, 
which is the internal anal sphincter, appears as a white, 
smooth layer of tissue between the anorectal mucosa 
and the external anal sphincter (Fig. 33.7B). 


5. The external anal sphincter is brought together in 
an end-to-end fashion with interrupted no. 0 or 2-0 
delayed absorbable sutures. We prefer to incorporate 
small bites of the internal anal sphincter in these sutures 
to reapproximate the internal anal sphincter as well 
(Fig. 33.7B). Reapproximating this layer over a length 
of 3 to 5 cm is important because the internal sphinc- 
ter is responsible for most of the resting pressure, in 
what is normally a 4-cm high-pressure zone in the anal 
canal. Also, reapproximating the external sphincter in 
this fashion will close off dead space and decrease any 
tension on the mucosal layer if the repair involved clo- 
sure of the anal mucosa. If the defect is small or the 
external anal sphincter is easily mobilized, an overlap- 
ping sphincteroplasty can be considered as well. 

6. Once the sphincter is reapproximated, the remainder 
of the perineal reconstruction should involve further 
support and elevation of the perineal body by bring- 
ing together the disrupted ends of the superficial 
transverse perineal muscles and bulbocavernous mus- 
cles. At times, because of a widened genital hiatus, 
a distal levatorplasty can be considered by bringing 
the puborectalis muscles closer together. One must 
remember that the arms of the puborectalis muscle do 
not normally come in contact with each other between 
the rectum and the vagina, so overzealous plication 
must be avoided because it can create posterior tissue 
banding that will lead to dyspareunia. At completion 
of the repair, the posterior vaginal wall should be per- 
pendicular to the perineal body (Fig. 33.7C). 


Summary 


RVF can be congenital or the result of trauma, IBD, car- 
cinoma, radiation, or infection. Most RVFs seen by gyne- 
cologists follow traumatic obstetric delivery. The cause, 
location, and size of the fistula, as well as the competence of 
the anal sphincter mechanism, must be determined before 
repair. Repair of fistula resulting from obstetric trauma has 
a high rate of success, but those from other causes are more 
difficult to cure and frequently require consultation with a 
colorectal surgeon. Several different approaches to surgical 
repair have been described; the best approach is determined 
by the location, size, and cause of the fistula. 
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Introduction 


Rectal prolapse is a benign but debilitating anatomic abnor- 
mality involving full-thickness descent of the rectum 
toward and sometimes through the anal canal (Fig. 34.1). 
The procidentia may be occult and exhibit internal intussus- 
ception or may manifest as the full thickness of rectal wall 
external to the anal sphincters. The true cause of rectal pro- 
lapse is unknown, despite its long and extensive presence in 
medical history and literature. Numerous operations have 
been described in the literature since 1889, when Miku- 
licz described his series of six patients undergoing perineal 
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excision for prolapse, and great variation in surgical manage- 
ment and approach still exists among major institutions. In 
this chapter, we discuss the etiology, epidemiology, clinical 
features, evaluation, common surgical techniques, results, 
and our experience regarding rectal prolapse. 


Etiology 


A renowned English colorectal surgeon, Hugh Lockhart- 
Mummery of St. Marks’ Hospital in London, wrote in 1972, 
“It is interesting to note that we still know so little about the 
cause of such a common condition.” Many aspects of rec- 
tal prolapse remain unclear, including its true cause. There 
are two main theories regarding the cause of prolapse. In 
the early 1900s, it was thought that rectal prolapse was a 
sliding hernia that protrudes through a defect in the pel- 
vic fascia at the level of the anterior rectal wall. The most 
current and accepted theory, however, was proposed by 
Broden and Snellman (1968) after they demonstrated with 


FIGURE 34.1 Full-thickness rectal prolapse protruding through 
the anal canal. (Reprinted with permission from The Cleveland Clinic 
Foundation.) 


cine-defecography that full-thickness prolapse starts as an 
internal intussusception of the rectum with a lead point 
proximal to the anal verge. Years later, radiopaque markers 
were applied to the rectal mucosa in studies to demonstrate 
this phenomenon in real time and support the current the- 
ory that rectal prolapse is due to internal intussusception of 
the rectal wall. 

There are many anatomic pathologies that may relate to 
rectal prolapse: a deep peritoneal cul-de-sac or pouch of Doug- 
las, enterocele, loss of posterior rectal fixation, a patulous anal 
sphincter, diastasis of the levator ani, redundant rectum and 
sigmoid colon, and loss of the rectum’s horizontal position may 
all contribute in part to the pathology. The ideal rectal pro- 
lapse repair should correct as many of these abnormalities as 
possible. To attain this goal, each abnormality is not addressed 
individually but rather they are addressed in unity to repair the 
many components contributing to the intussusception. 


Pathophysiology 


Patients with rectal prolapse may report varying symptoms 
related to bowel habits. Up to 75% of patients with rectal 
prolapse complain of fecal incontinence, whereas 25% to 
50% report constipation in the setting of rectal prolapse. 
The precise pathophysiological condition behind these vary- 
ing symptoms is not completely defined, although some 
causative factors have been identified. Parks et al. (1977) 
and Neill et al. (1981) demonstrated that incontinence in 
patients with rectal prolapse may be related to denervation 
of pelvic floor musculature, supporting a pudendal neuro- 
genic cause. Rectal prolapse itself may directly traumatize 
the anal sphincters as they are constantly stretched by the 
prolapsed segment. A prolapsed segment of rectum may act 
to stent the sphincters in an open position, thus providing a 
direct conduit that results in leakage and incontinence. 
Constipation in the setting of prolapse may be caused by 
intussusception of the rectum, colonic dysmotility, slow tran- 
sit, or inappropriate puborectalis contraction. Prolapse repairs 
may increase or decrease constipation. Whether division of the 
lateral stalks during rectopexy increases postoperative consti- 
pation has been greatly debated. Speakman et al. (1991) noted 
that division of the lateral ligaments during surgery is associ- 
ated with increased postoperative constipation, leading to the 
recommendation of unilateral lateral stalk preservation. Other 
studies investigating the incidence of constipation after preser- 
vation of lateral stalks reveal that, although constipation may 
slightly improve, recurrence rates are increased as well. 


Epidemiology 


Rectal prolapse is a relatively uncommon phenomenon; 
however, the true incidence and prevalence are unknown 
primarily due to underreporting, especially in the elderly 
population. It can occur at any age, although the peak age of 
incidence for women is in the seventh decade. Rectal pro- 
lapse can often be seen in children younger than 3 years, 
where malnutrition and cystic fibrosis appear to be pre- 
disposing factors. Gender distribution is equal in children. 
In adults, rectal prolapse is more common in women, who 
are six times more likely to suffer from prolapse than are 
men. Although rectal prolapse is often associated with mul- 
tiparity, nearly one-third of women with rectal prolapse are 
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nulliparous. Male patients, although they represent a very 
small portion of this population, generally develop prolapse 
at a younger age than female patients (younger than 40). 
There is also an association between younger presentation 
and psychiatric conditions requiring multiple medications, 
such as autism and developmental delay. 


Clinical Features 


Patients with rectal prolapse generally present with fecal 
soilage, prolapse of tissue through the anal sphincter com- 
plex, mucoid discharge, and bleeding. Prolapse exposes rectal 
mucosa externally that can secrete a significant amount of 
mucus, leading to perianal soilage, excoriation, and pruritis. 
Bleeding is a result of mucosal trauma or venous congestion. 
Patients with internal (occult) prolapse experience sensations 
of incomplete rectal evacuation, tenesmus, and rectal pain. 

Rectal prolapse is associated with comorbidities that 
include senile dementia, neurological disorders, infectious 
disorders, connective tissue disorders, and bulimia nervosa. 
In addition, rectal prolapse is associated with straining, con- 
stipation, previous gynecological surgery, and anal inconti- 
nence. Straining in men and younger women may displace 
the anterior wall of the upper rectum against the anal canal 
and cause trauma, leading to ulceration, irritation, and bleed- 
ing and ultimately the development of a solitary rectal ulcer. 
Tjandra et al. (1993) reported that 18% of patients with pro- 
lapse reported straining and 42% had constipation, consistent 
with the 15% to 65% reported in the literature. Solitary rec- 
tal ulcer was found in 12% of patients with rectal prolapse. 
Previous gynecological surgery is often present in the setting 
of rectal prolapse; we found 35% of our patients had under- 
gone a previous hysterectomy and 38% of our patients were 
incontinent. 

A complete assessment of female patients with rectal 
prolapse should include evaluation for constipation, urinary 
and fecal incontinence, and other pelvic floor disorders 
such as uterine prolapse, rectocele, cystocele, or enterocele. 
Staged or combined surgical correction of pelvic floor disor- 
ders, should they exist concurrently, is imperative for reso- 
lution of symptoms. 


Evaluation 


Evaluation of patients with rectal prolapse should begin 
with a complete history and physical examination. A careful 
evaluation is essential to confirm the diagnosis and to pro- 
vide information to determine the best surgical approach. 
Age, level of activity, comorbid conditions, and living condi- 
tions are important issues in determining the best approach 
to surgery in each patient. A neurological, obstetrical, and 
surgical history, including prior hysterectomy and prolapse 
repairs, should be performed in all women. Symptoms 
related to fecal and urinary incontinence and constipation 
should be especially emphasized. 

Occasionally, rectal prolapse is not externally visible on 
initial examination. Examination of the patient in a squat- 
ting position or with Valsalva maneuver on a commode may 
be needed to reproduce the prolapse. During inspection, it 
is important to differentiate full-thickness rectal prolapse 
(concentric folds) from prolapsing internal hemorrhoids 
(radial invaginations). 


502 PART 6 Fecal Incontinence and Defecation Disorders 


A thorough anorectal examination begins with inspection 
of the perianal skin, noting signs of excoriation from itching 
or mucus soiling. The anocutaneous reflex should be tested. 
Digital anorectal examination includes an assessment for 
anal sphincter defects, along with resting and squeeze pres- 
sures. Occasionally, the prolapsing segment can be felt on 
digital examination. Associated vaginal prolapse such as 
rectocele (posterior vaginal prolapse), cystocele (anterior 
vaginal prolapse), or enterocele (prolapse of small intestine, 
usually at the vaginal apex or posterior vagina) should be 
identified, if present. 

Proctoscopy or flexible sigmoidoscopy is needed to exclude 
the possibility of a neoplasm and allows the opportunity to 
identify solitary rectal ulcers or other mucosal abnormalities. 
Because a significant portion of patients with prolapse have 
associated constipation, incontinence, or other pelvic floor dis- 
orders, it is worthwhile to include selected motility and pelvic 
floor studies in the evaluation of these patients if needed. 

Colon transit marker study, defecography, or anal 
manometry may be informative but must be individualized; 
patients without associated symptoms may not require any 
further workup other than proctoscopy. 

Colonic transit marker studies may be important in 
patients with severe constipation. This test measures the time 
it takes for markers to traverse the colon. After patients swal- 
low a set number of radiopaque markers, serial abdominal 
radiographs are used to evaluate the passage of these mark- 
ers. Patients with prolonged colon transit time may benefit 
from colon resection with rectal preservation and rectopexy. 

When outlet obstruction or pelvic support disorders are 
suspected, defecography should be performed. It may show 
that the sigmoid colon prolapses into the anal canal with 
straining, or it may show internal (occult) intussusception 
that does not go through the anal canal. It is also useful on the 
occasion when prolapse is not reproducible on examination. 

Anal physiological testing may be performed preopera- 
tively and includes anal manometry, endorectal ultrasound to 
evaluate sphincter muscle, and pudendal nerve testing. These 
studies rarely affect decision-making in the initial operative 
planning but may help predict postoperative outcomes and 
set realistic postoperative goals for these patients. Matheson 
and Keighley (1981) found normal anal pressures in conti- 
nent patients with rectal prolapse; however, incontinent 
patients had decreased resting and squeeze anal pressures. 
Many patients with prolapse-associated fecal incontinence 
have nerve damage believed to be due to traction injury of 
the pudendal nerves caused by the rectal prolapse. Conti- 
nent prolapse patients may not show manometric or elec- 
tromyographic signs of denervation. Studies from Yoshioka 
et al. (1989) and Williams (1991) showed that patients who 
remained incontinent after rectal prolapse repair had sig- 
nificantly lower resting and squeeze pressures preoperatively 
than did those whose incontinence improved postoperatively. 
In general, patients with fecal incontinence in the setting of 
rectal prolapse experience improvement of symptoms after 
repair, but debate exists as to how reliable these tests are in 
predicting the actual outcome in individual patients. 


Nonsurgical Options for Prolapse 


No studies exist that compare operative repair with non- 
operative therapy for rectal prolapse, nor are there defini- 
tive nonoperative alternatives to correct this condition. 


Aggressive treatment of constipation, if present, with medi- 
cations may lessen symptoms. Applying table sugar to the 
prolapsed segment draws edema out of the segment and 
may facilitate reduction of the prolapse. Placing the patient 
in Trendelenburg position and administering intravenous 
benzodiazepines may ease reduction as well. However, none 
of these nonsurgical options will definitively repair pro- 
lapse, and surgery continues to be the preferred treatment 
of prolapse. 


Common Surgical Repairs for Prolapse 


There are more than 300 procedures described to treat rec- 
tal prolapse, and new techniques are continually introduced 
in the literature. Despite this, there is no single operation 
that preferred over the rest, and choosing the most appro- 
priate procedure depends on individual patient factors. 
These factors include medical comorbid conditions, risk 
of recurrence, bowel function (fecal incontinence and con- 
stipation), degree of prolapse, and presence of associated 
pelvic disorders. Regardless of approach, the goals of any 
prolapse surgery are to treat the prolapse and to address 
associated constipation or incontinence. 

Procedures for rectal prolapse can be classified into two 
main categories: perineal and transabdominal repairs. Peri- 
neal repairs are less invasive, cause less perioperative pain 
and morbidity, and are associated with reduced lengths 
of stay. They are favored for frail, elderly patients, but at 
some institutions, perineal repairs are favored for healthy 
patients, too. This approach does carry a risk of infection 
and complications related to the suture line or wound. In 
addition, the perineal approach is known for recurrence 
rates that are four times higher than those of transabdomi- 
nal operations; thus, the abdominal approach is favored for 
medically fit patients who could tolerate this operation. A 
transabdominal repair requires general anesthesia and may 
have more devastating complications such as anastomotic 
leak, abdominal sepsis, stricture, and adhesions. The intro- 
duction of minimally invasive approaches since the 1990s 
has added a new dimension to transabdominal prolapse sur- 
gery and has been shown to reduce postoperative convales- 
cence, making this approach more appealing. 

Our preference for all repairs is to have patients undergo 
full mechanical bowel preparation. We give perioperative 
intravenous antibiotics according to Surgical Care Improve- 
ment Project guidelines to provide prophylaxis against 
enteric flora. All patients have a Foley catheter in place for 
bladder drainage and pneumatic compression stockings dur- 
ing surgery. 


Perineal Repairs 


Mucosal Sleeve Resection (Delorme Procedure) 


Although the mucosal sleeve resection was first described 
in 1900, it was not commonly used until Uhlig and Sullivan 
reported their experience in 1979. Because the technique is 
simple and can be done under regional or local anesthesia, it is 
considered optimal for severely debilitated patients. We pre- 
fer to perform the operation with the patient in the Kraske 
position; however, it can also be done in lithotomy position. 
After positioning the patient, the perineum and vagina are 
prepared with an aseptic solution. We place sutures in four 
quadrants around the perianal skin to evert the anus. Other 
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FIGURE 34.2 Incision for a Delorme procedure 1 to 1.5 cm above 
the dentate line. The incision goes through the mucosa and sub- 
mucosa initially, stripping this tube from the underlying internal 
anal sphincter and, more proximally, from the rectal muscular cuff. 
(Reprinted with permission from The Cleveland Clinic Foundation.) 


surgeons may prefer retractors such as Lone Star or Hill Fer- 
guson, or Pratt bivalve speculums, to enhance visualization. 
The operation commences by injecting 1:100,000 epineph- 
rine solution circumferentially into the submucosal plane just 
proximal to the dentate line. This allows delineation of the 
dissecting plane and diminishes blood loss. Using electroco- 
agulation, the dissection begins in circumferential manner 1 
to 1.5 cm above the dentate line (Fig. 34.2), creating a plane 
between the submucosa and the internal anal sphincter. Once 
this plane is started, the free edge of mucosa and submucosa 
is tagged with sutures for ease in handling and in creating 
traction for easier dissection. Continuing in a circumferential 
direction and using liberal amounts of injectable saline in the 
plane between the submucosa and the muscular cuff, scissors 
are used to divide the attachments (we prefer fistula scissors) 
and to deliver the submucosa and mucosal cuff out of the 
rectum and anus. Penetrating blood vessels encountered dur- 
ing the dissection can be treated with electrocoagulation. It 
is important to maintain strict hemostasis during the dissec- 
tion to avoid hematomas after the procedure. The dissection 
continues until the rectal mucosa cannot be pulled down any 
farther; usually 10 to 15 cm can be mobilized. During this 
phase of the operation, we use copious amounts of antibi- 
otic solution such as tetracycline to irrigate the surgical field. 
After the dissection is completed, the rectal muscle is pli- 
cated with suture such as no. 2-0 Polyglactin 910 suture on a 
UR-6 needle (Vicryl; Ethicon, Inc., Somerville, NJ). A total 
of eight sutures are spaced circumferentially for this plica- 
tion. The dissected mucosa is excised and the proximal line 
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FIGURE 34.3 Completed Delorme procedure. Notice that the rectal 
wall is plicated with sutures in an accordion-type fashion and is situated 
above the anal sphincters. The anastomosis is just above the dentate 
line. (Reprinted with permission from The Cleveland Clinic Foundation.) 


of resection is approximated to the distal incision line. Inter- 
rupted sutures of No. 2-0 Vicryl on a UR-6 needle work well 
for this circumferential suture line (Fig. 34.3). 

Prolapse recurrence after the Delorme procedure varies 
from 10% to 15% in different series. The procedure is well 
tolerated in high-risk patients but still carries a risk for com- 
plications of bleeding, urinary retention, and fecal impaction 
in up to 12% of patients. In general, constipation and fecal 
incontinence tend to improve after surgery, the latter perhaps 
due to the rectal muscular wall plication that creates a bulky, 
donut-like circumferential mass around the upper anal canal. 


Perineal Rectosigmoidectomy 
(Altemeier Procedure) 


Perineal rectosigmoidectomy was first described in 1889 
by Mikulicz; in 1952, Altemeier and coworkers described 
excellent results in elderly debilitated patients. This 
approach involves a full-thickness removal of the rectum 
and sigmoid colon via the perineum with a sutured or sta- 
pled coloanal anastomosis. It is associated with a shorter 
hospital convalescence and lower complication rate (10%) 
and can be completed without general anesthesia. Thus, 
patients undergoing this procedure for prolapse are usually 
older and exhibit more comorbidities than do those under- 
going transabdominal procedures. A potential disadvantage 
is loss of the rectal reservoir, especially in elderly patients. 
Additionally, in patients who have undergone previous rectal 
or sigmoid resections, care must be exercised in performing 
this operation as the inferior mesenteric vessels may have 
been previously ligated and the blood supply to this area 
may have been altered. Many consider this to be the pre- 
ferred procedure for incarcerated or gangrenous prolapse. 
The Altemeier procedure can be performed with the 
patient in either lithotomy or Kraske position under gen- 
eral or regional anesthesia. We prefer the patient in the 
Kraske position as illumination of the pelvis is superior, and 
it allows excellent view of the operative field by all assis- 
tants. First, the prolapse is established by gentle traction 
with the use of Allis or Babcock clamps. The submucosa 


FIGURE 34.4 Altemeier procedure (perineal proctosigmoidectomy). 
An incision is made with the Bovie or knife (as shown here) 1 to 1.5 cm 
above the dentate line. Note that the patient is depicted in the prone 
jackknife position. (Reprinted with permission from The Cleveland Clinic 
Foundation.) 


FIGURE 34.5 The incision for the perineal proctosigmoidectomy 
divides all layers of the rectal wall until the extrarectal fat is encoun- 
tered. (Reprinted with permission from The Cleveland Clinic Foundation.) 


is injected with 1:100,000 epinephrine solution. A circum- 
ferential incision is made 1.5 to 2.0 cm above the dentate 
line (Fig. 34.4) with electrocautery or a scalpel. The inci- 
sion is deepened through the muscular layer until perirectal 
fat is encountered (Fig. 34.5). Mesorectal vessels are ligated 
(Fig. 34.6), proceeding in a circumferential manner. As the 


FIGURE 34.6 The mesorectal vessels are divided and ligated. 
(Reprinted with permission from The Cleveland Clinic Foundation.) 


dissection continues in the cephalad direction, a hernia sac 
may be encountered anteriorly and opened and the abdomi- 
nal cavity may be entered. When no additional bowel can be 
delivered without tension, the bowel is marked, as this will 
become the line of transsection. At this stage, particularly 
in incontinent patients, a levatorplasty can be performed 
by placing sutures such as no. 2-0 polypropylene suture 
(Prolene; Ethicon, Inc.) anteriorly to loosely approximate 
the levators (Fig. 34.7). Some surgeons prefer to also place 
sutures in the levator muscle posteriorly. The prolapsed rec- 
tal segment is transsected (Fig. 34.8). An anastomosis is cre- 
ated with circumferential full-thickness interrupted No. 2-0 
Vicryl sutures (Fig. 34.9). 

A circular stapler can be used as an alternative to the 
hand-sewn technique. After bowel transsection, purse- 
string sutures are placed using No. 0 Prolene on an SH nee- 
dle at the proximal and distal lines of resection. The stapling 
technique is illustrated in Fig. 34.10A—D. 

The major advantage of the perineal rectosigmoidec- 
tomy is avoidance of laparotomy with a concomitant low 
rate of complication. Complications are present, of course, 
and include anastomotic leak, infection, and stricture. Addi- 
tionally, the postoperative anal incontinence rate is not as 
markedly improved as it is with abdominal procedures, and 
incontinence may worsen due to loss of the rectal reser- 
voir. Eliminating the prolapse, however, may allow the anal 
sphincters to regain strength and improve continence. 

Adding a levator repair to the perineal rectosigmoidec- 
tomy can dramatically improve continence postoperatively. 


FIGURE 34.7 Levatorplasty may be performed posteriorly and/ 
or anteriorly. (Reprinted with permission from The Cleveland Clinic 
Foundation.) 


FIGURE 34.8 The prolapsed segment is transsected. Note the com- 
pleted levatorplasty. (Reprinted with permission from The Cleveland 
Clinic Foundation.) 
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FIGURE 34.9 The anastomosis can be sewn by hand with full-thickness 
circumferential interrupted sutures. (Reprinted with permission from The 
Cleveland Clinic Foundation.) 


Williams (1991), from the University of Minnesota, dem- 
onstrated improved incontinence in 91% with the addition 
of levator repair versus 46% improvement without levator- 
plasty. This has been shown in more recent studies as well 
(Glasgow et al., 2006). Of the three options for perineal 
repair (Delorme procedure, Altemeier procedure, and Alte- 
meier procedure with levatorplasty), Altemeier with leva- 
torplasty is associated with the lowest recurrence rate and 
best outcomes with respect to postoperative constipation 
and fecal incontinence. 

Perineal rectosigmoidectomy, with or without leva- 
torplasty, should be considered for patients with severe 
full-thickness prolapse, which may be associated with incon- 
tinence, who would not tolerate an abdominal procedure. 
Some clinicians even recommend this approach as the pre- 
ferred treatment for healthy, young patients with prolapse. 
Recurrence is higher (16%-30%) than that with transabdomi- 
nal operations, and the addition of levatorplasty has been 
shown to reduce recurrence from 21% to 7% in some studies. 


Anal Encirclement 


Perineal procedures that narrow the anal orifice by encir- 
cling it with an artificial material, such as the Thiersch pro- 
cedure, have high complication rates and do not address the 
underlying cause of prolapse. They have a limited place in 
the current management of rectal prolapse and are generally 
of historical interest only. In high-risk patients, the Delo- 
rme procedure or Altemeier perineal rectosigmoidectomy 
addresses the underlying problem of prolapse with accept- 
able levels of morbidity and mortality. 


Transabdominal and Minimally 
Invasive Repairs 


Transabdominal repairs provide the best outcomes and 
functional results for the treatment of rectal prolapse by 
restoring normal anatomy and repairing associated abnor- 
malities. The American Society of Colon and Rectal Sur- 
geons Practice Parameters for Rectal Prolapse (Varma et al., 
2011) recommend incorporating a transabdominal rectal 
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FIGURE 34.10 Altemeier procedure using a circular stapler. (A) Purse-string sutures are placed on the proximal and distal lines of transsected 
bowel. (B) The anvil is extruded from the gun, and the proximal purse-string is tied. Note that the anvil and gun remain intact for this anasto- 
mosis. (C) The proximal resection line is pushed into the pelvis, and the distal purse-string is tied. (D) The completed anastomosis. (Reprinted 


with permission from The Cleveland Clinic Foundation.) 


fixation for patients with acceptable risk. Technical aspects 
of abdominal repairs for rectal prolapse include the degree 
of rectal mobilization, whether sigmoid resection is indi- 
cated, the method of rectal fixation, and what approach— 
either open or minimally invasive—is best. Since the 1990s, 
laparoscopy has been integrated into repairing prolapse and 
has brought a new dimension to the management of rectal 
prolapse in colorectal surgery. 

The transabdominal operations can be classified into 
three groups: (1) rectal mobilization with rectopexy alone, 
(2) rectal mobilization with rectopexy and resection, and 


(3) resection alone. The preferred type of transabdominal 
repair varies greatly from one country to another, one insti- 
tution to another, and even from one surgeon to another at 
the same institution. 


Rectal Mobilization 


Rectal mobilization is performed posteriorly in the presa- 
cral space and carried to the coccyx or levators. Anteriorly, 
the rectum is mobilized to the upper third of the vagina. 
Concerning lateral mobilization, division versus preserva- 
tion of the lateral rectal stalks remains a controversial topic. 


Studies have shown that division of the lateral stalks may 
result in increased postoperative constipation, while preser- 
vation of these lateral stalks is associated with an increased 
rate of prolapse recurrence. Speakman et al. (1991), in a 
prospective randomized study of patients undergoing pos- 
terior mesh rectopexy, reported that constipation was 
increased by 50% if the lateral ligaments were divided but 
that prolapse recurrence was increased by 33% if the lateral 
ligaments were not divided. Mollen et al. (2000) evaluated 
postoperative colonic transit in patients undergoing repair of 
rectal prolapse and found that transit was delayed in those 
patients undergoing division of the lateral stalks, support- 
ing the theory that this is associated with postoperative 
constipation. 

All rectopexies require some degree of circumferential 
rectal mobilization. While there are many variations of the 
rectopexy, the same basic principle is to suspend the rec- 
tum to the sacrum either with suture or with the assistance 
of material such as Teflon® mesh (CR Bard, Inc., Billerica, 
MA) or polyvinyl alcohol (Ivalon) sponge. Each rectopexy 
type will be individually discussed. 


Ripstein Procedure 


In 1963, Ripstein and Lanter described an anterior recto- 
pexy involving the use of prosthetic material. After mobili- 
zation of the rectum, the rectopexy is performed by placing 
a long strip of mesh (5 x 20 cm) around the rectum and 
suturing the free ends of the mesh to the presacral fascia 
with nonabsorbable sutures. The mesh is also secured to the 
antimesenteric border of the rectum. The rectum is pulled 
straight out of the pelvis while the sutures are being placed. 
The mesh is wrapped loosely enough to allow a thumb or 
two fingers between the rectum and the sacrum. Alter- 
natively, some surgeons secure the mesh to the presacral 
fascia at the mid portion of the mesh and wrap each free 
end around the rectum, securing the ends to the antimes- 
enteric border of the rectum. This modification attempts 
to decrease the rate of impaction or obstruction seen when 
the mesh completely encircles the rectum. Indeed, Ripstein 
now uses the posterior rectal sling rather than an anterior 
sling to decrease problems with constipation. 

The Ripstein procedure has been praised for its low 
prolapse recurrence rate and criticized for postoperative 
obstructive complications. Gordon and Hoexter (1978) 
polled the members of the American Society of Colon and 
Rectal Surgeons, obtaining information on 1111 Ripstein 
procedures. This revealed a prolapse recurrence rate of 
2.3%, sling-related complications in 16.5%, and reoperation 
rate of 4.1%. Postoperative constipation should be inter- 
preted carefully as many patients who undergo prolapse 
surgery experience constipation preoperatively. Tjandra 
et al. (1993) reported that persistence of prior constipation 
occurred in 57% of patients after the Ripstein procedure 
(compared with 17% for resection rectopexy) and that 15% 
of patients developed new-onset constipation. The prolapse 
recurrence rate was 7%. However, 35% of patients were 
dissatisfied after the Ripstein procedure, based on a per- 
sonal interview using a standard questionnaire, despite ana- 
tomic correction of the prolapse. Due to these results, we 
tend not to perform Ripstein procedures in patients with 
preoperative obstructive symptoms or significant bowel 
dysfunction. 
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Wells Procedure (Ivalon Sponge) 


Historically, British surgeons have preferred the posterior 
rectopexy wrap described by Wells in 1959 to the Ripstein 
procedure. The Wells procedure uses an Ivalon sponge of 
polyvinyl alcohol instead of using mesh fixation, coupled 
with bilateral transsection of the lateral ligaments. It is 
placed posteriorly and wrapped partially around the bowel. 
Although this variation was created to avoid high rates of 
postoperative constipation, constipation rates after Wells 
procedure remain relatively high (44%-48%). A randomized 
trial (Novell et al., 1994) that compared the Wells proce- 
dure with sutured rectopexy showed increased complica- 
tion and constipation rates with the Wells procedure, and 
it was recommended that this procedure be abandoned, 
despite comparable recurrence rates. The Ivalon sponge is 
no longer available for clinical use. 


Sutured Rectopexy 


Cutait (1959) first described fixation of the rectum with 
suture as a component of treatment for rectal prolapse. 
Supporting surgeons argue that foreign material to perform 
rectopexy is not only unnecessary but also may limit options 
in patients with constipation or extremely redundant sig- 
moid who would benefit from simultaneous colon resection. 
Whether artificial material should be used in the setting of 
bowel resection is controversial, because the risk of infec- 
tion may be increased. Because of these concerns, sutured 
rectopexy has been advocated. Excellent results have been 
obtained in a number of series in which the lateral rectal 
stalks were sutured to the presacral fascia, with recurrence 
rates ranging from 3% to 9%. These results are similar or 
even superior to those reported with mesh rectopexy. A 
drawback of this approach, however, is the development 
of new-onset constipation in 15% of patients or worsening 
constipation in patients (50%) with existing constipative 
symptoms. 

Questions remain regarding the added benefit of sutured 
rectal fixation after rectal mobilization. One randomized 
trial has examined the benefit of rectopexy versus no recto- 
pexy after rectal mobilization in the treatment of prolapse 
(Karas et al., 2011). This multicenter trial reported a higher 
recurrence rate in patients who did not undergo rectopexy 
after rectal mobilization (8.6% versus 1.5%), despite no dif- 
ference in complication rates. 


Ventral Rectopexy 


In 2004, a ventral approach to rectopexy was described 
by D’Hoore and coworkers, who advocated this approach 
because of its lower rates of postoperative constipation. 
This variation of mesh rectopexy involves anterior mobi- 
lization of the rectum with mesh fixation of the anterior 
rectal wall and fixation of mesh to the sacrum. Although 
there have been no randomized trials comparing ventral 
with posterior rectopexy, several systematic reviews have 
noted an acceptable recurrence rate (3.4% in one series) 
with lower postoperative constipation rates in patients 
undergoing ventral rectopexy. Despite these improve- 
ments in outcome, ventral rectopexy has been associated 
with an increased overall complication rate (up to 47% in 
some series), with complications that included mesh ero- 
sion into vagina or rectum and pelvic sepsis from mesh 
infection. 
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Resection and Rectopexy 


Resection rectopexy was initially described in 1955 by 
Frykman, with the appeal of treatment of prolapse with 
resection of redundant sigmoid colon and fixation without 
the use of mesh. The original concept was based on the idea 
of suspending the left colon from the splenic flexure to 
reduce prolapse recurrence. Subsequent studies have dem- 
onstrated that recurrence rates are similar with and without 
sigmoid resection, as low as 2% to 5% in some series. Resec- 
tion does carry some additional risk of complication due to 
the presence of an anastomosis, and complication rates as 
high as 20% have been reported; they are generally related 
to anastomotic leak. 

We perform rectopexy with resection by mobilizing the 
sigmoid colon and dividing the mesentery. The rectum is 
mobilized as previously described. We prefer to resect the 
sigmoid colon and next perform the anastomosis either as 
hand-sewn or with the circular stapler. The splenic flex- 
ure is mobilized if needed. The rectopexy is performed by 
straightening the rectum (pulling it out of the pelvis) and 
placing two or three sutures from the lateral rectal stalks 
to the flat portion of the sacrum at the level of S2 or S3 
(Fig. 34.11). We prefer No. 0 braided polyester (Ethibond; 
Ethicon, Inc.) suture, whereas others at our institution use 
No. 0 or one Prolene® suture. Before tying the rectopexy 
sutures, we place a rigid proctoscope through the anus 
and above the anastomosis to ensure that the sutures are 


FIGURE 34.11 Rectopexy with sigmoid resection. A sigmoid resec- 
tion with a colorectal anastomosis has been performed. The rectum 
has been pulled out of the pelvis and straightened. The lateral rectal 
stalks have been sutured to the sacrum. (Reprinted with permission 
from The Cleveland Clinic Foundation.) 


not tied too tightly, which may contribute to defecation 
problems. 

Excellent results have been reported with rectopexy with 
resection. Patients with preoperative constipation reported 
lower constipation rates after resection rectopexy versus 
rectopexy alone. Patients with preoperative fecal inconti- 
nence may report an improvement in their symptoms after 
resection rectopexy, but resolution of fecal incontinence 
is much less common after sigmoid resection. Resection 
is indicated in patients who have preexisting constipation; 
however, care must be taken to identify patients with slow 
transit constipation who may require subtotal colectomy 
combined with rectopexy. Resection in patients without 
preoperative constipation has not been advocated, as there 
is a lack of evidence in the literature to support resection in 
this population. 


Minimally Invasive 
Approaches—Laparoscopy 
and Robotics 


The difficulty in choosing between an abdominal approach 
and a perineal approach for the treatment of rectal pro- 
lapse is choosing between a lower recurrence rate (abdomi- 
nal approach) and a lower surgical morbidity (perineal 
approach), as many patients with rectal prolapse are elderly 
and have significant comorbidity. A laparoscopic approach is 
conceptually attractive as it combines the benefits of both 
approaches. Since laparoscopic rectopexy was first per- 
formed in 1992 by Berman, many studies have assessed and 
supported its feasibility and effectiveness in treating rectal 
prolapse. 

There have been two prospective studies and several 
observational studies since this time that have shown con- 
sistently reduced postoperative pain, shortened hospi- 
tal length of stay, and earlier return of bowel function in 
patients undergoing a laparoscopic approach compared with 
the open approach. Solomon et al. (2002) randomized 40 
patients to either laparoscopic or open rectopexy. Operat- 
ing time was significantly longer for laparoscopic compared 
with open cases (153 versus 102 min), but the length of 
hospital stay was shorter (3.9 versus 6.6 days) and more 
laparoscopic patients completed an established care path- 
way (75% versus 35%). There was no difference in prolapse 
recurrence, but both major and minor morbidities were sig- 
nificantly lower for laparoscopic cases. Results were similar 
in a prospective study by Boccasanta et al. (1998), whose 
results showed low recurrence rates in both groups, with 
only one patient sustaining a recurrence after undergoing 
open repair. 

Numerous observational studies have been conducted, 
and their findings support that laparoscopic rectopexy is a 
safe and cost-effective alternative to open rectopexy, with 
similar recurrence rates. Laparoscopy is associated with a 
longer operative time but results in less postoperative pain 
and a shorter hospital stay. 

In terms of cost-effectiveness, Delaney et al. (2003) 
assessed the cost-effectiveness of both laparoscopic and 
abdominal approaches in a case-matched study of 150 
colorectal operations. This study included a number of rec- 
tal prolapse cases, and the cost of laparoscopic cases was 
overall significantly lower. 


With the inception of robotic surgery, surgeons have 
applied robotic techniques to colorectal surgery with spe- 
cific application to prolapse surgery. Robotic rectopexy 
allows for ideal visualization of the deep pelvis and a more 
facile arrangement for suturing. Compared with laparos- 
copy, outcomes are equivalent in terms of recurrence, but 
the robotic approach is more time consuming, requires 
more expensive equipment, and therefore is associated with 
a greater cost. The role of robotics remains a debated topic, 
and further experience and research are needed. 


Outcomes and Choice of Procedure 


In this review, different types of surgical procedures for the 
treatment of rectal prolapse have been discussed. There is 
no single “best” operation for patients with rectal prolapse. 
The choice of surgical procedure is tailored to each individ- 
ual. Associated conditions are considered to provide optimal 
results with the lowest morbidity and mortality rates. To 
decide which operation is appropriate for each individual, 
all patient factors must be considered. Perineal repairs are 
associated with higher recurrence rates, but the morbid- 
ity is lower versus an abdominal approach. Therefore, the 
perineal approach may be the procedure of choice in frail 
patients with extensive comorbid conditions. If the prolapse 
is advanced, perineal proctosigmoidectomy should be con- 
sidered. Levatorplasty (posterior and/or anterior) may be 
added, particularly if the patient is incontinent. In debili- 
tated patients with previous left colon resections or minimal 
prolapse, the Delorme procedure may be optimal. 

Overall, the open abdominal or laparoscopic approach 
is favored when considering recurrence rates and improved 
functional outcomes regarding fecal incontinence and con- 
stipation. However, the open abdominal approach is associ- 
ated with higher morbidity and mortality rates. In young, 
healthy patients without significant medical risks, open or 
laparoscopy may be the preferred approach. If the patient 
has no preoperative incontinence and constipation is a con- 
tributing symptom, resection and rectopexy are favored. 
If the sigmoid is redundant or “kinks” after the rectum is 
pulled out of the pelvis to perform the rectopexy, resection 
should be considered. However, in patients with preopera- 
tive fecal incontinence, resection may worsen the inconti- 
nence. At our institution, the Ripstein procedure is rarely 
used due to problems with postoperative constipation. 

Many patients with rectal prolapse have functional def- 
ecatory problems. Correcting the prolapse may not change 
the abnormal defecatory patterns, and the patient must 
be counseled of this preoperatively. New advances in lapa- 
roscopic and robotic surgery have the potential to funda- 
mentally alter the operative approach (although not the 
procedures) for abdominal repair of rectal prolapse, but 
long-term follow-up of outcomes is required. 
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Overactive Bladder Syndrome 


Overactive bladder (OAB) is a symptom syndrome that com- 
prises urinary urgency, with or without urgency incontinence, 
usually with urinary frequency and nocturia. OAB affects 
millions of Americans, and growth of the aging population 
ensures that the number of people who suffer from OAB will 
increase over time. The symptoms of OAB have a negative 
impact on social and personal activities and cause significant 
psychological distress. Despite increased awareness of OAB 
in recent years, along with improved diagnosis and treatment, 
it remains underreported. The poorly understood etiology of 
the syndrome, the variability of symptom presentation and 
patient characteristics, and suboptimal patient-physician 
communication undoubtedly contribute to this problem. 


Terminology, Prevalence, Epidemiology, and 
Economic Impact of Overactive Bladder 


Terminology used to describe OAB has changed numer- 
ous times. The International Continence Society (ICS) has 
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historically taken the lead in standardization of terminology. 
The ICS recommends the use of symptoms, signs, and vali- 
dated investigations to form workable diagnoses. Currently, 
the ICS uses the following terms: 

Increased daytime urinary frequency—Complaint that 
micturition occurs more frequently during waking 
hours than previously deemed normal by the woman. 
Seven episodes of micturition per day is felt to be 
the upper limit of normal, although some variations 
between populations may exist. 

Nocturia—Complaint of interruption of sleep one or 
more times because of the need to micturate. Each 
void is preceded and followed by sleep. 

Urgency—Complaint of a sudden, compelling desire to 
pass urine that is difficult to defer. 

Overactive bladder (urgency) syndrome—Urinary 
urgency, usually accompanied by frequency and noc- 
turia, with or without urgency urinary incontinence, in 
the absence of urinary tract infection (UTI) or other 
obvious pathology. 
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FIGURE 35.1 Prevalence of overactive bladder (OAB) by age and sex in the United States. (Adapted with permission from Stewart WF, Van 
Rooyen JB, Cundiff GW et al. Prevalence and burden of overactive bladder in the United States. World J Urol. 2003;20(6):327-336.) 


Urgency (urinary) incontinence—Complaint of involuntary 
loss of urine associated with urgency. “Urgency” replaces 
“urge” as the “accepted” terminology per the ICS. 

Detrusor overactivity—is defined as the occurrence 
of involuntary detrusor contractions during filling 
cystometry. The contractions may be spontaneous 
or provoked and produce a wave form on cysto- 
metrogram of variable amplitude and duration. No 
minimum requirement is known for the amplitude 
of an involuntary detrusor contraction. Detrusor 
overactivity, with or without urgency and/or urgency 
incontinence, may be phasic or terminal. Detrusor 
overactivity may be further qualified if the cause is 
known: neurogenic, when there is a relevant neuro- 
logic condition; and idiopathic, when the cause is 
unknown. 

The current definition of OAB is based on symptoms. In 
contrast, detrusor overactivity is a urodynamic observation 
characterized by involuntary detrusor contractions during 
the filling phase of a cystometrogram. OAB and detrusor 
overactivity are thus not interchangeable terms and the cli- 
nician must be specific in their use. 

The number of individuals affected by OAB is difficult 
to establish. The populations studied vary substantially from 
one publication to another. Many studies report the preva- 
lence of detrusor overactivity incontinence without includ- 
ing symptoms of urgency and frequency. 

Based on data from the EPIC study by Irwin, in 2008, 
10.7% of the world’s population was found to be affected by 
OAB (i.e., almost 250 million women and over 200 million 


men). Furthermore, the authors of this study estimate that 
there will be another 18.4% increase in individuals affected 
by these symptoms by 2018. 

OAB has been estimated to affect up to 33 million women 
in the United States alone. Only 15% of these patients with 
incontinence and OAB symptoms have been estimated to 
seek medical help. The National Overactive Bladder Evalu- 
ation program (Stewart et al., 2003) contacted more than 
5000 households by telephone and found an overall preva- 
lence of OAB of 16.6% in those who responded. Men and 
women had the same overall prevalence of OAB (16.0% 
and 16.9%, respectively) as defined by the ICS. The preva- 
lence of symptoms increased sharply with age in men and 
women (Fig. 35.1). 

Men were shown to have a higher prevalence of “OAB 
dry” (13.4% as opposed to 7.6% in women) and women had 
a higher prevalence of “OAB wet” (9.3% as opposed to 2.6% 
in men). In women, the presence of “OAB wet” rose from 
2% in the youngest group (ages 18-24) to 19.1% in those 65 
to 74 years of age (Fig. 35.2). 

Coyne et al. (2009) performed a secondary analysis 
of data from the Epidemiology of Lower Urinary Tract 
Symptoms (EpiLUTS) survey to determine whether 
there were racial differences in the prevalence of OAB 
in men and women in the United States. Of the 20,000 
U.S. adults surveyed, OAB was found to be most preva- 
lent in African American men and women. In this study, 
the prevalence of OAB in African American, Caucasian, 
Hispanic, and Asian women was 45.9%, 43.4%, 42.0%, 
and 26.6%, respectively. 


FIGURE 35.2 Prevalence of overactive bladder 
(OAB) wet and OAB dry. (Adapted with per- 
mission from Stewart WF, Van Rooyen JB, 
Cundiff GW et al. Prevalence and burden of over- 
active bladder in the United States. World J Urol. 
2003;20(6):327.) 


The most rapidly growing segment of the U.S. popula- 
tion is women between the ages of 60 and 80. Up to 50% 
of women in this age group complain of OAB syndrome. 
The prevalence of OAB syndrome, as currently defined, is 
much higher than stress incontinence in the aging female 
population. 

The economic impact of OAB on our society is signifi- 
cant. From the EpiLUTS study, Onukwugha et al. (2009) 
estimated the total cost at U.S. $24.9 billion annually. 
Another study estimated the mean annual expenditures 
related to treatment of OAB to be anywhere from $825 to 
$1184 per patient. This estimate was based on Medicare 
claims in persons older than 65 years of age and, because of 
some limitations of the study (i.e., excluded out-of-pocket 
and pharmacy costs), was considered to be very conserva- 
tive and most likely significantly underestimated. 

OAB has a significant impact on the quality of life of the 
individuals who live with this condition. Men and women 
with lower urinary tract syndrome (LUTS) have been found 
to have the lowest scores on health-related quality of life 
surveys. Fifty-three percent of women with LUTS were 
found to have anxiety and 37.6% with depression in over 
15,000 women surveyed in the United States, United King- 
dom, and Sweden. 


Neurophysiology of the Lower Urinary Tract 


To better understand the etiology and pharmacologic man- 
agement of OAB, a review of the neurophysiology of the 
lower urinary tract is presented. 


Autonomic Pathways 


Sympathetic nerves exit between spinal cord levels T1 and 
L2 and synapse in the paravertebral ganglions. The sym- 
pathetic system uses noradrenaline as its neurotransmit- 
ter, and the receptors are a and f-adrenergic. Sympathetic 
input to the bladder is via the hypogastric nerve (Fig. 35.3). 
When noradrenaline binds to B-receptors on the bladder, it 
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activates adenylate cyclase, which increases levels of cyclic 
adenosine monophosphate (AMP), thereby relaxing the 
detrusor muscle of the bladder (Fig. 35.4). 

The parasympathetic system originates at spinal cord 
levels S2, S3, and S4. Parasympathetic input to the blad- 
der is via the pelvic nerve (see Fig. 35.3). The parasym- 
pathetic system uses acetylcholine as its neurotransmitter 
and muscarinic receptors at target organs. Five subtypes 
of muscarinic receptors are known, with a predominance 
of M2 and M3 receptor subtypes in the bladder. Release 
of acetylcholine by postganglionic parasympathetic nerves 
activates both M2 and M3 receptor subtypes. M2 receptors 
make up approximately 80% of the muscarinic receptors in 
the bladder. Activation of M2 receptors negatively affects 
adenylate cyclase, thereby decreasing cyclic AMP and ulti- 
mately inhibiting relaxation caused by the sympathetic 
system. M3 subtypes, which make up the remaining 20% 
of muscarinic bladder receptors, activate phospholipase 
C, increase inositol triphosphate, and subsequently cause 
detrusor muscle contraction. 


Somatic Pathways 


The neurotransmitter for the somatic nervous system is 
acetylcholine, and its receptors are nicotinic. The striated 
muscle of the external urethral sphincter is innervated by 
motor neurons that originate in Onuf’s nucleus in the sacral 
spinal cord and their axons travel via the pudendal nerve 
(see Fig. 35.3). 


Central Regulation 


Neurotransmitters involved in the central control of 
micturition include acetylcholine, y-aminobutyric acid 
(GABA), glycine, serotonin, dopamine, and noradrena- 
line. Two regions of the pons are involved in regulating 
voiding and continence. The pontine micturition center 
(Barrington nucleus or M region) projects directly to 
bladder motor neurons and indirectly to urethral motor 
neurons. The bladder motor neurons are preganglionic 
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FIGURE 35.3 Neurourology of bladder storage and elimination. (1) Sympathetic nerves exit the spinal cord between the tenth thoracic and 
second lumbar vertebral levels. They synapse in the paravertebral ganglion, and postganglionic fibers travel to the bladder via the hypogastric 
nerve. (2) Parasympathetic nerves exit the spinal cord via the sacral vertebral levels two to four. Preganglionic fibers travel to the bladder via 
the pelvic nerve and synapse close to the bladder, and then send short postganglionic fibers to the bladder. (3) The external urethral sphincter 
is innervated by motor neurons that originate in Onuf’s nucleus and travel via the pudendal nerve. 
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FIGURE 35.4 Schematic representation of parasympathetic and sympathetic postjunctional receptors. AMP, adenosine monophosphate. 


and parasympathetic (S2, S3, and S4) and located in the 
intramediolateral cell column of the sacral spinal cord. 
The urethral motor neurons are located in the sacral ven- 
tral horn (Onuf’s nucleus). With stimulation of the pon- 
tine micturition center, urethral pressure decreases via 
inhibition of the urethral motor neurons and intravesical 
pressure increases by stimulation of the bladder motor 
neurons (Fig. 35.5). 

The pontine continence center, or L region, projects 
to urethral sphincter motor neurons. With stimulation of 
the pontine continence center, urethral sphincter tone 
increases. During the filling phase, the pontine continence 
center continuously stimulates the urethral sphincter motor 
neurons to maintain urethral closure (see Fig. 35.5). 


Afferent Information 


Bladder information is sent via the pelvic nerve to the 
sacral dorsal root ganglia located within the spinal cord. 
These nerves are primarily made up of myelinated A and 
D fibers and unmyelinated C fibers. The A and D fibers 
respond to distension and active contraction, whereas C 
fibers respond to chemical irritation and pain. Several 


receptors have been identified on these nerves, such as 
vanilloid, tachykinin, purinergic, and prostanoid receptors 
(Fig. 35.6). These receptors may have a role in the devel- 
opment of OAB syndrome and may be potential pharma- 
cotherapy targets. 


Etiology of Overactive Bladder 


Although numerous neurologic diseases are associated with 
symptoms of OAB, the majority of women who present 
with this syndrome are neurologically intact. The process of 
bladder storage and evacuation can be visualized as complex 
neurocircuits in the brain and spinal cord that coordinate the 
activity of smooth and striated muscle in the bladder and 
urethra. These circuits act as “on/off switches” to alternate 
the lower urinary tract between its two modes of operation: 
storage and elimination. Conditions associated with OAB 
syndrome are listed in Box 35.1 and are discussed below. 


Neurologic Disease 


Detrusor overactivity is associated with neurologic 
lesions of the suprasacral spinal cord and higher centers. 
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FIGURE 35.5 Schematic representation of storage and voiding reflexes. A, During bladder storage distension of the bladder causes afferent 
signals that, in turn, cause efferent signals via the hypogastric nerve (sympathetic system, relaxation) and the pudendal nerve (increased tone 
of the striated sphincter). B, During bladder elimination, increased afferent activity via the pudendal nerve travels through the periaqueductal 
gray matter (PAG) through the pontine micturition center and, ultimately, sympathetic outflow (relaxation) and pudendal outflow (urethral 


tone) while increasing parasympathetic outflow (contraction). 


These lesions block the sacral reflex arc from the cere- 
bral cortex and other higher centers that are crucial to 
both voluntary and involuntary inhibition of the bladder. 
In this group of patients, involuntary detrusor contrac- 
tions are usually associated with appropriate relaxation 
of the urethral sphincter because there is preservation of 
long tracts from the pontine region. Neurologic condi- 
tions resulting in detrusor overactivity include multiple 
sclerosis, dementia, cerebrovascular disorders, and Par- 
kinson disease. 


Multiple Sclerosis 


Multiple sclerosis (MS) is a disease of unknown etiology 
that usually affects patients between 20 and 40 years of 
age. Demyelinating plaques in the white matter of the cere- 
bral cortex, cerebellum, brainstem, spinal cord, and optic 
nerve produce varied neurologic dysfunction and symp- 
toms. MS is characterized by multiple lesions and usu- 
ally a progressive course of bladder dysfunction. Plaques 
in the frontal lobe of the cerebral cortex or in the lateral 
columns of the spinal cord usually produce lower urinary 
tract dysfunction. 


Bladder dysfunction as an initial symptom leading to the 
diagnosis of MS occurs in only 5% of patients; however, 
up to 90% of patients with MS have bladder dysfunction 
during the course of their disease. Approximately 60% of 
patients with lower urinary tract dysfunction show detru- 
sor contractions on cystometry. Up to half of these patients 
demonstrate detrusor sphincter dyssynergia, whereas the 
other half demonstrates adequate and appropriate sphincter 
relaxation. Approximately 30% of patients have an underac- 
tive or areflexic detrusor. 


Cerebrovascular Disease 


Based on the 1990 to 1992 National Health interview surveys, 
the prevalence of persons in the United States who report a 
medical history of stroke increases with age from 1.7% for 
those aged 45 to 64 to 8.1% of those greater than age 75. It is 
associated with varying degrees of chronic disability, includ- 
ing bladder dysfunction. Atherosclerosis, arteritis, intracra- 
nial hemorrhage, and arterial malformations may be etiologic 
factors. Infarction of discrete areas of the frontal lobe of the 
cerebral cortex, internal capsule (which sends axons between 
the thalamus and cerebral cortex), brainstem, or cerebellum 


CHAPTER 35 Overactive Bladder Syndrome and 


Nerve 
growth 
factor 


Anandamide avi Neurokinin A 
Substance P 


Prostinoid Purinergic 
receptor receptor 
Vanilloid 


receptor 


C sensory 


A delta 
sensory fibers 


Detrusor 
smooth 
muscle cells 


Uroepithelial 


cells ga 
j 


Py 


FIGURE 35.6 Schematic representation of bladder innervation. ATP, adenosine triphosphate. 
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can result in bladder dysfunction. During the initial phase 
of a cerebrovascular accident, urinary retention secondary 
to detrusor areflexia is common. During recovery, detrusor 
overactivity with an appropriate sphincteric response usually 
occurs. Very rarely, detrusor sphincter dyssynergia can result. 


Parkinson Disease 


Parkinson disease is estimated to occur in 1 to 2 per 1000 
persons in the United States. Onset usually occurs after age 
50, and the course of the disease is progressive. The occur- 
rence of bladder dysfunction ranges from 40% to 70%. The 
extrapyramidal system is believed to inhibit the micturi- 
tion center, so loss of dopaminergic activity in the substan- 
tia nigra, caudate, putamen, and globus pallidus results in 
loss of detrusor inhibition. However, this theory has been 
challenged by Malone-Lee et al. (1993), who performed 
urodynamic studies on 2526 patients, of whom 76 had Par- 
kinson disease. They found no evidence of a disease-spe- 
cific “Parkinsonian bladder,” suggesting that changes seen 
in such patients are age-related phenomena. Obstructive 
symptoms can occasionally result from therapy with anti- 
Parkinsonian agents. 


Dementia 


Dementia is a diffuse deterioration in intellectual function 
manifested primarily by memory deficits and secondarily by 
changes in conduct. The causes of dementia include aging, 
severe head injury, encephalitis, presenile dementias (includ- 
ing Alzheimer disease, Pick disease, and Jakob-Creutzfeldt 
disease), hydrocephalus, and syphilis. The mechanism of 
bladder dysfunction can be direct involvement of the cere- 
brocortical areas concerned with bladder control or from 
the loss or inability to control socially appropriate behavior. 
Detrusor overactivity or areflexia may occur, depending on 
the cause and severity of the dementia. 


Neoplasia 


Brain tumors in the superior medial frontal lobe can result 
in bladder dysfunction, which may manifest as irritative 
voiding symptoms, including detrusor overactivity. Spinal 
cord tumors above the level of the conus medullaris and 
cervical spondylosis can also produce detrusor overactivity. 
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Spinal Cord Injury 


Spinal cord injury is a common cause of detrusor overactiv- 
ity. All cord injuries that are complete and spare S2, S3, 
and S4 segments eventually produce upper motor neuron 
lesions with resultant detrusor overactivity. However, dur- 
ing the initial phase of spinal shock after suprasacral spi- 
nal cord injury, the bladder is areflexic, resulting in urinary 
retention and overflow incontinence. 


Urogynecologic Conditions 


Various conditions that may present with symptoms of 
urgency and frequency are listed in Box 35.2. Idiopathic 
detrusor overactivity is reserved for symptoms of urgency 
and frequency, with or without incontinence, which cannot 
be explained by the presence of other conditions. 


Urinary Tract Infection 


Inflammation of the bladder epithelium, with or without 
associated bacteriuria, has been suggested as a cause of blad- 
der overactivity. Bhatia and Bergman (1986) performed 
urodynamic studies on women with acute UTIs before treat- 
ment. Half of those with urodynamic evidence of detrusor 
overactivity before treatment had stable cystometrograms 
after the infection was treated. However, Bates et al. (1970) 
reported on more than 2000 patients examined by video- 
cystography on whom culture and sensitivity studies of mid- 
stream urine specimens were performed. They found that 
of the 35 patients infected at the time of the study, only 
three had non-neuropathic detrusor overactivity. 


Hypersensitive Bladder Disorders 


Pain is not a common symptom of women with OAB. Pain 
with a full bladder in conjunction with urgency and fre- 
quency suggests a hypersensitive bladder condition, such as 


interstitial cystitis. Women who have had previous pelvic 
radiation and those with significant urogenital atrophy may 
also complain of OAB symptoms. 


Urodynamic Conditions 


Urethral instability is defined as a spontaneous fall in maxi- 
mum urethral pressure exceeding one third of the resting 
maximum urethral pressure in the absence of detrusor 
activity. If simultaneous urethrocystometry is performed 
during filling, the diagnosis of urethral instability or uninhib- 
ited urethral relaxation can be made. Although the clinical 
significance of urethral instability is not fully appreciated, 
some investigators have correlated this finding with symp- 
toms of frequency and urgency. 

Resnick and Yalla (1987) noted a subgroup of elderly 
women with detrusor overactivity resulting in incontinence 
who could not effectively empty their bladders when attempt- 
ing to void. Urodynamic testing revealed that impaired 
contractility caused impaired emptying. They named the 
condition detrusor overactivity with impaired contractility 
and hypothesized that this may represent the last stage of 
detrusor overactivity, in which detrusor function deteriorates. 


Structural or Anatomic Conditions 


At the level of the urethra, urgency incontinence can occur 
with outlet obstruction. This is a well-known problem in 
men with benign prostatic hyperplasia and in younger men 
and women with spinal cord injuries or multiple sclerosis. In 
women, bladder outlet resistance from previous anti-inconti- 
nence surgery can result in irritative symptoms and urgency 
incontinence. Idiopathic bladder outlet obstruction is rare in 
women. Abnormal voiding is usually caused by poor detrusor 
function rather than physical obstruction. However, obstruc- 
tive voiding sometimes occurs with advanced pelvic organ 
prolapse and after operations for stress incontinence. 

The correlation between detrusor overactivity and pelvic 
surgery is confusing and, at times, unexplainable. Studies on 
patients operated on for stress incontinence who had stable 
preoperative cystometrograms note that 7% to 27% develop 
postoperative detrusor overactivity. Women with mixed 
symptoms of stress incontinence and OAB will have a resolu- 
tion of their OAB symptoms in approximately 50% of cases 
after an anti-incontinence procedure. The remaining 50% 
may have persistence or worsening of their symptoms. Post- 
operative detrusor overactivity or persistence or worsening of 
symptoms seems to be more common in patients with previ- 
ous bladder neck surgery and in those with coexistent detru- 
sor overactivity and preoperative sphincteric incompetence. 

Radical pelvic surgery can result in an OAB. Partial dener- 
vation of the bladder during the operative process with sub- 
sequent development of detrusor dysfunction is currently 
the most accepted theory. 

Other conditions that can impact the lower urinary tract 
and result in OAB symptoms include pregnancy, pelvic 
mass, urethral diverticulum, and intravesical lesions. 


Orgasm 


Orgasm may cause detrusor overactivity. The pathogen- 
esis is unknown, but women sometimes experience urinary 
urgency or urgency incontinence with a gush of urine during 
climax. Treatment is the same as for detrusor overactivity; 
sexual counseling and education are often helpful. 
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FIGURE 35.7 Cycle of bladder dysfunction. OAB, overactive bladder. 


Mixed Incontinence 


Detrusor overactivity can coexist with stress incontinence 
in up to 30% of patients. Whether this is a coincidental 
finding or some underlying relationship between these two 
conditions is unknown. In women with mixed stress and 
urgency incontinence, a deficient urethral sphincter may 
result in urgency incontinence, if leakage of urine into the 
proximal urethra stimulates urethral afferents that induce 
involuntary voiding reflexes. Interestingly, after anti-incon- 
tinence surgery, detrusor overactivity may disappear, remain 
the same, or worsen. 

In a matched control study, Colombo et al. (1996) noted 
that 95% of their patients were cured of stress incontinence 
after a Burch urethropexy was performed if they had a sta- 
ble preoperative cystometrogram. On the other hand, only 
75% were cured if, preoperatively, they had low compliance 
or uninhibited bladder contractions. 

Women may condition themselves to have urgency and 
frequency by becoming habitual frequent voiders. This can 
be seen in women with long-standing stress incontinence 
because these women will consciously or subconsciously void 
more frequently to avoid or reduce leakage. Over time, it has 
been proposed that functional bladder capacity is reduced, 
and the bladder becomes more sensitive at lower volumes of 
urine, thus resulting in frequency and urgency (OAB dry). 
This same phenomenon can occur in women with urgency 
incontinence, resulting in more severe frequency. This can 
be viewed as a cycle in which symptoms continue to worsen 
unless intervention is undertaken (Fig. 35.7). 


Psychological or Psychosomatic Causes 


The psychological status of women with detrusor overactiv- 
ity has been investigated by several authors with conflicting 
results. Norton et al. (1990) performed psychiatric evalu- 
ations on 117 women and found no more psychiatric mor- 
bidity in women with detrusor overactivity than in women 
with stress incontinence. Interestingly, women in whom no 
urodynamic abnormality could be detected had the high- 
est scores for anxiety and neuroticism. Moore and Sutherst 
(1990) analyzed the response to treatment of idiopathic 
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detrusor overactivity, relative to “psychoneurotic” status 
in 53 women. Women who responded poorly to treatment 
had higher psychoneurotic mean scores than those who 
responded, although one third of poor responders had a nor- 
mal psychoneurotic score. Patients who responded well to 
therapy had scores similar to those of normal urban women. 
These studies emphasize the need for future research in 
this area. 


Lifestyle 


Interestingly, a study by McGrother et al. (2012) found that 
lifestyle factors that predispose to obesity and diabetes also 
may predispose to OAB. Over 3411 women without OAB at 
baseline were included in their analysis and 277 subjects devel- 
oped OAB at 1 year. The authors suggest that further studies 
are needed to demonstrate a link between lifestyle and OAB. 


Idiopathic Detrusor Overactivity 


Currently, two different hypotheses have been proposed 
to explain idiopathic detrusor overactivity; the neurogenic 
hypothesis and the myogenic hypothesis. The neurogenic 
hypothesis states that detrusor overactivity arises from gen- 
eralized nerve mediated excitation of the detrusor muscle. 
The myogenic hypothesis suggests that overactive detru- 
sor contractions result from a combination of an increased 
likelihood of spontaneous excitation within smooth muscle 
of the bladder and enhanced propagation and subsequent 
spread of contractile signals via cell-to-cell coupling. 


Evaluation 


An important aspect of the evaluation is appreciating the 
quality of life impact that these symptoms are creating. Stan- 
dardized quality of life questionnaires are available and can 
be administered. In addition, specific questions about pelvic 
organ prolapse, defecatory dysfunction, and sexual dysfunc- 
tion are important. A thorough medical history should be 
taken, as well as a surgical history with emphasis on previous 
bladder or gynecologic surgery. A review of all current pre- 
scription medication that the patient is taking is vital. 


Physical Examination 


A physical examination should include a general physical, 
neurologic, and pelvic examination. Neurologic studies should 
include a brief mental status examination and evaluation of 
cranial nerves and deep tendon reflexes. Muscle strength 
can be assessed by having the patient actively move against 
resistance, such as shrugging her shoulders against downward 
pressure. Specifically testing the sacral spinal cord involves 
evaluating the patient’s ability to extend and flex her hip, 
knee, and ankle, and invert and evert her foot. Deep tendon 
reflexes should be checked at the biceps (C5-C6), triceps 
(C7), knee (L3-L4), and Achilles tendon (L5-S2). 

Spinal cord segments S2, S3, and S4 contain important 
neurons involved with micturition. The anal sphincter and 
pelvic reflexes are important indicators of sacral cord integ- 
rity. Voluntary contraction of the external anal sphincter 
indicates a minimum level of integrity of pelvic floor inner- 
vation. Stroking the skin lateral to the anus elicits a reflex 
anal sphincter contraction. The bulbocavernosus reflex 
involves tightening of the bulbocavernosus and ischiocav- 
ernosus muscles by tapping or squeezing the clitoris. The 


cerebellum should also be tested, because it has major func- 
tions in the control of micturition. The cerebellum can be 
tested by evaluating finger/nose and heel/shin coordination 
and examining the patient’s gait. 

A pelvic examination should include a thorough inspec- 
tion of the perineal area and vulva, looking for excoriation, 
vaginal discharge, or atrophy, suggesting estrogen deficiency. 
Vaginal examination should include assessment for pelvic 
organ prolapse, pelvic muscle function, atrophy, and ana- 
tomic abnormalities. The urethra can be palpated through 
the anterior vagina, checking for a mass or purulent dis- 
charge from the urethral meatus consistent with a ure- 
thral diverticulum. Pelvic floor muscle function should be 
described by pelvic muscle tone at rest and by the strength 
of voluntary contraction. Muscle tone and strength can 
be subjectively described as strong, weak, or absent; or 
described by a validated graded system, such as the Oxford 
system, usually on a scale from 1 to 5. Determining the 
postvoid residual, either with ultrasound or by performing 
straight catheterization, will help rule out occult voiding 
dysfunction as well as detrusor hyperactivity with impaired 
contractility. Pelvic organ prolapse should be evaluated, spe- 
cifically commenting on the support of the anterior, apical, 
and posterior vagina. Rectal examination should also be per- 
formed to rule out fecal impaction and rectal mass and to 
assess sphincter tone. 


Diagnostic Studies 
Urinalysis and Culture 


Because the symptoms of UTI and other irritative bladder 
conditions commonly mimic OAB, urinalysis should be per- 
formed before further investigations are initiated. As previ- 
ously mentioned, bacteriuria may cause detrusor overactivity, 
which sometimes resolves after the infection has been treated. 
Urine cytology should be performed to rule out neoplasia in 
patients with chronic irritative bladder symptoms, particularly 
in elderly patients and those with microscopic hematuria. 
Voiding Diary 

In addition to history-taking, patients can be mailed or 
given a voiding diary to fill out 48 h before their office 
visit, usually over a weekend to avoid the possible interfer- 
ence of work. A chart of the timing and volume of intake 
and output is indispensable for corroborating the patient’s 
history and symptoms. Patients’ interpretation of problems 
does not always correlate with their voiding diary. Also, sig- 
nificant changes can be made with daily fluid intake and 
medication to decrease urinary loss. Follow-up charts are 
useful to provide evidence to both patient and clinician of 
treatment response, particularly when bladder retraining 
is used. 

Homma et al. (2011) evaluated bladder diary param- 
eters in a group of 161 women aged 19 to 81 years. The 
volume voided in 24 h was a mean of 1730 mL (range 437- 
3861 mL) and the mean frequency was 7 (range 2-13) voids 
per day. One of the interesting findings from this study 
was that a linear relationship was found between the func- 
tional bladder capacity and the volume voided in 24 h. The 
authors speculate that an increased bladder capacity may be 
a way to compensate for increased volume without increas- 
ing voiding frequency. 
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Urodynamic Tests 


Cystometry. Cystometry is the mainstay of investigation for 
bladder storage function and is the only method of objec- 
tively diagnosing detrusor contractions. Figure 35.8 reviews 
the various cystometric patterns that may be seen in patients 
with detrusor overactivity. 

During the cystometric evaluation of patients with sus- 
pected OAB, one must use provocative stimuli if detrusor 
contractions are not elicited during filling. Sometimes, the 
provocation needed to reproduce a detrusor contraction 
cannot be performed in a laboratory setting. This problem 
has been demonstrated in numerous ambulatory monitoring 
studies in which symptomatic patients had a stable detrusor 
during filling in the urodynamic laboratory but had unin- 
hibited contractions when monitored on a continuous basis. 

Testing should always be performed with the patient in 
a sitting or erect position because supine filling cystometry 
alone fails to uncover a significant proportion of bladder 
overactivity. Other provoking factors that can be performed 
during the testing session include coughing, straining, heel- 
bouncing, jogging in place, listening to running water, and 
placing the patient’s hands under running water. 

Per the American Urological Association (AUA) Guide- 
lines (Winters et al., 2012), “Clinicians may perform multi- 
channel filling cystometry when it is important to determine 
if altered compliance, detrusor overactivity or other urody- 
namic abnormalities are present (or not) in patients with 
urgency incontinence in whom invasive, potentially morbid 
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or irreversible treatments are considered.” The guidelines 
go on to state that “Clinicians may perform pressure flow 
studies (PFS) in patients with urgency incontinence after 
bladder outlet procedures to evaluate for bladder outlet 
obstruction.” This statement is based on expert opinion. 
Finally, the guidelines specifically state that patients should 
be counseled that the absence of detrusor overactivity on 
urodynamics does not exclude the diagnosis of OAB. In fact, 
detrusor overactivity is often not seen during a cystomet- 
rogram in a patient with a diagnosis of OAB. Figure 35.9 
reviews the diagnosis and treatment algorithm from the 
AUA Guidelines on Non-Neurogenic Overactive Bladder in 
Adults. 

Al-Ghazo et al. (2011) found an overall incidence of 
detrusor overactivity in 76.1% of male patients and 58.7% of 
female patients with OAB. A higher percentage of patients 
(93% of men, 69.8% of women) were found to have detru- 
sor overactivity when they had both symptoms of urgency 
and urgency urinary incontinence. Overall, a combination 
of LUTS resulted in a higher likelihood of actually seeing 
detrusor overactivity on urodynamics. 

Vecchioli-Scaldazza and Grinta (2010) explored the 
relationship between the finding of detrusor overactivity 
on urodynamics and the response to treatment with anti- 
cholinergics in patients with OAB. This study demonstrated 
that detrusor overactivity is not found in all subjects with 
OAB but, when found, those patients respond more favor- 
ably to anticholinergic treatment. The author suggests that 
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History and physical; urinalysis ' 


Patient education: 

- Normal urinary tract function 

- Benefits/risks of treatment alternatives 
- Agree on treatment goals 


Patient desires treatment and/or 
treatment is in patient's best interests 


Behavioral treatments 
(consider adding anti-muscarinic if partially 
effective) 


: Treatment goals not met; patient desires + 
: further treatment and/or further treatment : 
: in patient's best interests ' 


Anti-muscarinics with active management of 
adverse events (e.g., dry mouth, constipation): 
consider dose modification or alternate 
anti-muscarinic if effective but adverse events are 
intolerable 


‘Treatment goals not met; patient desires 
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Signs/symptoms 
consistent with 
OAB diagnosis 


Reassess and/or refer; consider urine culture, 
postvoid residual, bladder diary, symptom 
questionnaires, other diagnostic procedures as 
necessary for differentiation 


Diagnosis unclear or 
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urologist/urogynecologist 
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and/or symptom 
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Not OAB or 
complicated OAB; 
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Follow-up for efficacy 
and adverse events 
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consider urinary diversion 
or augmentation 
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Treatment goals met 


Consider in carefully-selected patients 
(multiple therapies may be tried but they should not 
be combined): 


FDA-approved: Non-FDA-approved: 
e Sacral neuromodulation «Intradetrusor 

(SNS) or onabotulinumtoxinA 
e Peripheral tibial nerve 


stimulation (PTNS) or 


FIGURE 35.9 Diagnosis and treatment algorithm from the American Urological Association (AUA) guideline on non-neurogenic overactive 
bladder in adults. OAB, overactive bladder; FDA, Food and Drug Administration. (The complete OAB guideline is available at www.AUAnet.org/ 
Guidelines. This resource is supported by an educational grant from Astellas Scientific and Medical Affairs, Inc.) 


anticholinergic therapy is most effective in patients with 
demonstrated detrusor overactivity and, thus, urodynamics 
should be considered in all patients with OAB as a predictor 
for success of therapy. 

In conclusion, the evidence to support or refute the rou- 
tine use of urodynamics for OAB is unclear. Certain sce- 
narios or clinical presentations may warrant urodynamic 
testing, but it is still controversial whether or not testing 
is needed in all cases of OAB. Further data is needed to 
determine if the cost, invasiveness, and potential morbid- 
ity outweighs the benefits and risks of empiric treatment. 
In the author’s opinion, initiating treatment without a 
prior urodynamic study in a patient with uncomplicated 
(i-e., non-neurogenic) OAB is reasonable, reserving urody- 
namic studies for refractory or complicated cases. 


Urethral Pressure Studies. Urethral pressure studies add 
little to the diagnosis of detrusor overactivity or to the dif- 
ferentiation of patients with stress incontinence from those 
with urgency incontinence. 

Detrusor contractions are almost always preceded by 
a drop in urethral pressure (Fig. 35.10). Bergman et al. 


(1989) studied urethral pressure tracings in 72 women 
with detrusor overactivity to learn whether urethral pres- 
sure changes may be the cause, rather than the effect, of 
bladder contractions. Patients who had urethral relaxation 
before detrusor contractions responded better to sympatho- 
mimetic drugs, whereas patients without urethral pressure 
changes responded more favorably to anticholinergic drugs. 

In another study, urethral instability occurred in 42% of 
patients with detrusor overactivity and was strongly asso- 
ciated with the sequence of urethral relaxation before an 
unprovoked contraction. This study concluded that, based 
on a urethral response, two subgroups of detrusor overactiv- 
ity may exist. 


Electromyography. Electromyography (EMG) gives informa- 
tion on the activity of the external striated urethral sphincter 
muscles. Its potential value in patients with detrusor overac- 
tivity is to document voluntary control of this sphincter, as 
well as to demonstrate that the external sphincter and detru- 
sor muscle function in a coordinated fashion (see Fig. 35.10). 
Mayo (1978) found that 48% of patients with idiopathic detru- 
sor overactivity exhibited reflex relaxation of the sphincter at 
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the time of a detrusor contraction. This observation is impor- 
tant because these patients are probably unable to voluntarily 
contract the external sphincter at the moment of the detrusor 
contraction, thus, they are unable to inhibit urine loss. 
Spontaneous sphincter relaxation can also be detected 
during EMG studies, leading to the diagnosis of uninhibited 
urethral relaxation. External sphincter EMG studies are 
used for the diagnosis of detrusor external sphincter dyssyn- 
ergia, which is a rare condition and occurs in only patients 
with neurologic disease (Fig. 35.11). EMG adds little to the 
evaluation and management of neurologically intact women. 


Endoscopy. The routine use of cystourethroscopy is not indi- 
cated in the evaluation of OAB. However, certain findings 
during the evaluation of a patient with OAB may warrant 
cystoscopic examination. For example, a patient with a his- 
tory of a midurethral sling placement with polypropylene 
mesh and new onset of OAB symptoms might be indicative 
of mesh erosion into the urethra or bladder (see Fig. 35.12). 
The finding on physical examination of a mass below the ure- 
thra consistent with a urethral diverticulum may be another 
indication for cystourethroscopy. Nosti and Sokol (2012) 
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reported an unusual case of an elderly woman with OAB and 
a history of lithium use for bipolar disorder. The patient was 
found to have suburothelial metal deposition that was felt to 
be related to her OAB by acting as a bladder irritant. The cli- 
nician should always pay attention to occupational exposures 
or medications that could potentially be bladder irritants. 

Definitive indications for cystourethroscopy include 
microscopic hematuria and abnormal urine cytology. Cys- 
toscopy should also be considered if the diagnosis is in 
doubt or if the patient shows no response to appropriate 
behavioral and pharmacologic therapy. Box 35.3 lists indica- 
tions for cystourethroscopy in patients with OAB. 


Management 


Multiple treatment options are available to the practitio- 
ner caring for patients with OAB. Treatments range from 
nonsurgical to surgical with varying degrees of invasiveness 
and monetary investment. OAB has a significant effect 
on a woman’s quality of life. The severity of the woman’s 
symptoms along with the degree of invasiveness of certain 
treatments and associated adverse events most likely will 
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Smoker 
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Elevated postvoid residual 

History of recurrent UTIs 

Persistent or de novo OAB after an incontinence procedure 

de novo OAB after pelvic surgery 

de novo OAB after removal of indwelling Foley catheter in 
the absence of infection 

Prior treatment with intravesical botulinum toxin 

Refractory to medication (i.e., two anticholinergic agents) 
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FIGURE 35.12 Polypropylene mesh eroding into the bladder of a Occupational exposure 
patient who had a prior midurethral sling placement. 


OAB, overactive bladder; UTIs, urinary tract infections. 


Treatment of associated conditions 


Stress incontinence 
Outlet obstruction 
Treatment of detrusor overactivity 
Behavioral treatment 
Bladder drill 
Biofeedback 
Pharmacologic treatment 
Anticholinergics 
Adrenergic 
Afferent mechanisms 
Central mechanisms 
Botulism toxin 
Tricyclic antidepressants 
Electrical stimulation 
Surgical treatment 
Phenol injections 
Sacral blockade 
Sacral neurectomy 
Sacral electrical stimulation 
Transvaginal denervation 
Bladder transaction 
Augmentation cystoplasty 
Detrusor myomectomy 
Urinary diversion 


contribute to a women’s perception of what will be the 
most reasonable therapeutic option for her to pursue. 
See Box 35.4 for a list of various treatment options for OAB. 


Nonpharmacologic Management 
of Overactive Bladder 


Bladder Retraining Drills 


Bladder retraining institutes a program of scheduled void- 
ing with progressive increases in the interval between each 
void, based on the assumption that conscious efforts to sup- 
press sensory stimuli will reestablish cortical control over 
an uninhibited bladder, thus reestablishing normal voiding 
patterns. This therapy has been studied by Frewen (1982), 
Fantl et al. (1981), and others. In several studies, Frewen 
reported success rates of approximately 80%. However, his 
protocol included primarily in-hospital behavioral manage- 
ment and concurrent pharmacologic therapy. Fantl et al. 
reported on 92 patients with objective evidence of detru- 
sor overactivity treated by bladder drill, with or without 
anticholinergic therapy. Cure rates were the same in both 
groups: 83% in patients treated with bladder drill and drugs, 
and 79% in patients treated with bladder drill alone. These 
high cure rates with bladder retraining drills have been sub- 
stantiated by other authors. 

The technique used for bladder retraining involves giv- 
ing the patient insight into the nature of her dysfunction. 
Drawings demonstrating cerebral cortical inhibitory effects 
over bladder reflexes can be shown to the patient to assist 
in explaining lower urinary tract dysfunction. The patient’s 
own cystometric tracing can be shown to her to illustrate 
the dysfunction. The patient is taught scheduled voiding 
at timed intervals, varying from 15 min to 1 h, based on 
the patient’s own frequency or incontinence intervals. We 
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usually start patients at voiding intervals of 30 to 60 min. 
Patients are given preprinted cards, on which they record 
voiding (daily and nightly), involuntary leaking episodes, 
and occurrences that precipitate incontinence. Patients are 
instructed to make an earnest effort to follow the schedule 
during the day, attempting to suppress urgency and void- 
ing only at the scheduled times regardless of the presence 
or absence of urinary urgency. Patients are instructed to 
contract their pelvic floor muscles when they feel urgency 
and impending urgency incontinence, to suppress involun- 
tary bladder overactivity. Schedules are not followed dur- 
ing sleeping hours. Follow-up visits are scheduled every 1 
to 2 weeks, at which time the cards are reviewed with the 
patient. Voiding intervals are increased periodically by 15 
to 60 min, according to the patient’s response in reducing 
urgency and urgency incontinence episodes. A 6 to 12-week 
treatment program is anticipated in most cases. 

Enthusiastic patient contact, reassurance, good long- 
term support, and follow-up are important. Patients must 
be highly motivated to improve with this therapy. The 
degree of patient compliance determines success. Because 
the success rate is so good and the therapy involves low cost 
bladder retraining drills should be the first line of therapy in 
patients with detrusor overactivity. 


Biofeedback 


Biofeedback is a form of patient reeducation, such that nor- 
mally unconscious physiologic processes are made acces- 
sible by auditory, visual, or tactile signals, while attempts 
are made to modify the process by manipulating the signal 
presented to the patient. This method has been used with 
some success in the treatment of autonomic dysfunctions, 
hypertension, and cardiac dysrhythmias. As an example of 
how biofeedback can be used to treat detrusor overactiv- 
ity, after cystometry is explained to the patient, bladder 
filling begins and an audible signal is used to let the patient 
know that her bladder pressure is rising. The tone of the 
signal varies by the change in bladder pressure. The patient 
also visualizes the urodynamic tracing throughout the test. 
The bladder is repeatedly filled while the patient attempts 
to inhibit detrusor contractions. Individual treatment ses- 
sions are approximately 1 h and are repeated weekly for 
up to 8 weeks. 

Cardozo et al. (1978) have reported 81% subjective and 
objective improvement with biofeedback. They noted that 
biofeedback was not as successful in patients with severe 
detrusor overactivity, particularly in women with high- 
amplitude detrusor contractions occurring at small bladder 
volumes. In another study, patients were randomized to 
biofeedback-assisted behavioral training, drug treatment, or 
placebo. Behavioral treatment was significantly better than 
drug treatment or placebo. In a follow-up study, drug treat- 
ment along with biofeedback-assisted behavioral therapy 
was superior to either modality alone. 

Burgio et al. (2002) randomized 222 women to three 
different treatment arms including a biofeedback-assisted 
behavior training, behavioral training without biofeedback 
(verbal feedback based on vaginal palpation), and self- 
administered behavioral treatment based on a self-help 
booklet. No significant differences were noted in symptom 
improvement between the three groups, but patient satis- 
faction was higher in the two groups receiving behavioral 
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training. These findings are consistent with a systematic 
review published in 2005 that could find no evidence that 
biofeedback in addition to pelvic floor muscle rehabilita- 
tion provided added benefit to pelvic floor muscle reha- 
bilitation alone. 

Many investigators use biofeedback techniques aimed at 
identifying and strengthening pelvic floor muscles. In addi- 
tion, appropriate control of the external urethral sphinc- 
ter mechanism may enhance the urethrovesical inhibitory 
reflex. 


Functional Electrical Stimulation 


Functional electrical stimulation (FES) stimulates the affer- 
ent limb of the pudendal reflex arc, increasing pelvic floor 
muscle and urethral striated muscle contractility, and pos- 
sibly stimulating reflex inhibition of detrusor contractility. 
Some patients who are refractory to behavioral and phar- 
macologic therapies respond to FES. The main difficulty 
with FES is patient acceptance of intravaginal or transrectal 
stimulation. Originally, patients were required to use the 
devices for several hours daily. The results of Leach and 
Bavendam (1989) clearly point out these limitations—94% 
dropout rate in a study of 36 patients using a transrectal 
stimulating device. 

To overcome the requirement for long treatment ses- 
sions, investigators have studied the efficacy of intermittent 
maximal electrical stimulation in treating incontinence. 
With this therapy, the patient receives a short period of 
stimulation (for example, 30 min) at maximum toler- 
able intensity. Treatment is continued over several weeks. 
Eriksen et al. (1989) reported short-term maximal pelvic 
floor electrical stimulation in 48 patients with idiopathic 
detrusor overactivity. Each patient received 20 min of 
simultaneous vaginal and anal electrical stimulation for an 
average of seven treatments. Initial clinical and urodynamic 
cures were observed in 50% of patients, with significant 
improvement in an additional 33%. At 1-year follow-up, 
persistent positive therapeutic effects were found in 77% of 
patients. In another study, Plevnik et al. (1986) treated 30 
patients with detrusor overactivity with maximal electrical 
stimulation at home for 20 min per day for 30 days. Cure 
was noted in 29%; an additional 22% reported improve- 
ment. Bent et al. (1989) noted significant subjective 
improvement in 69% of patients with detrusor overactivity, 
using a regimen of 15 min of maximal stimulation twice 
daily for 6 weeks. Wise et al. (1992) compared maximum 
electrical stimulation with oxybutynin therapy. With either 
treatment, symptoms were significantly reduced on visual 
analog scales, and diurnal frequency was reduced by voiding 
diary. Spruijt et al. (2003) randomized 24 postmenopausal 
women with urinary incontinence to intravaginal electrical 
stimulation or a daily Kegel exercise program. The effec- 
tiveness of FES was similar to Kegel exercises (29.2% ver- 
sus 36.4%, for objective improvement, and 29.2% versus 
27.3% for subjective improvement, respectively). Wang 
et al. (2004) evaluated pelvic floor muscle training with and 
without biofeedback-assistance and FES for 103 women 
with OAB. OAB symptoms were reduced in about half of 
women treated with FES and biofeedback-assisted pelvic 
muscle training, compared to 38% treated with pelvic mus- 
cle training alone (although this difference was not statisti- 
cally significant). 


The role of FES as therapy for detrusor overactivity is 
still evolving. Although currently not a first-line therapy, it 
may benefit certain groups of patients who have failed mul- 
tiple treatments. 


Pharmacologic Management of Overactive 
Bladder 


The mainstay of pharmacologic therapy for OAB to date has 
been antimuscarinic medications. In addition, other medica- 
tions that work on different aspects of the neurophysiology 
of micturition will be reviewed (Table 35.1). 

Because the condition is idiopathic in the majority of 
cases, in the author’s opinion, it is reasonable to try at least 
two and sometimes three different medications before 
assuming the patient is not going to respond to pharma- 
cologic therapy. Also, when appropriate, dose titration 
should be used in the hope of delivering the highest tol- 
erable dose before switching to different medication or 
therapy. 


Antimuscarinic Agents 


As previously mentioned, there are five different subtypes 
of muscarinic receptors in the bladder, with a predominance 
of M2 and M3 subtypes. Because of these, antimuscarinic 
agents have been developed to modify the activity of these 
receptors. 

Oxybutynin has some selectivity for M3 receptors to 
inhibit bladder contractions, but, because of muscarinic 
blockade in other parts of the body, it can have bother- 
some side effects. Oxybutynin has a higher affinity for 
muscarinic receptors in the parotid gland compared to the 
bladder, leading to the side effect of dry mouth. Addi- 
tionally, levels of the active metabolite of oxybutynin, 
N-desethyl-oxybutynin, can be six-fold higher than the 
parent compound after oral administration. Other side 
effects include constipation, gastrointestinal upset, and 
blurry vision. Alternative approaches have been devel- 
oped to improve tolerability, including extended-release 
oral formulations, rectal or intravesical administration, 
and a transdermal patch. In trials that compare extended 
release with immediate release, extended-release oxy- 
butynin had similar efficacy but reduced side effects. 
Absorption of extended-release oxybutynin may occur 
more in the large intestine, rather than the stomach and 
proximal small intestines, thereby decreasing conversion 
to N-desethyl-oxybutynin. 

Transdermal oxybutynin, in theory, offers potential ther- 
apeutic advantages, including more stable plasma concen- 
trations and less presystemic metabolism that may decrease 
levels of the primary active metabolite, N-desethyl- 
oxybutynin. In a study of transdermal oxybutynin 3.9 mg 
per day and extended-release oxybutynin 10 mg once a day, 
the transdermal drug showed greater systemic availability 
with less metabolism to N-desethyl-oxybutynin and greater 
salivary output. Dmochowski et al. (2002) studied 361 
adults with OAB symptoms who were randomly assigned 
to transdermal oxybutynin, extended-release tolterodine 
4 mg, or placebo. Transdermal oxybutynin and extended- 
release tolterodine were superior to placebo by reduced 
daily incontinent episodes and improved quality of life. 
Localized pruritus occurred in 14% of patients using trans- 
dermal oxybutynin. 


Table 35.1 Drug Classification and Mechanism of Action 
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Classifications Mechanism of Action/Comments 


Anticholinergic Inhibit muscarinic receptors 


a-Adrenergic agonists Increases urethral closure pressure 


Antispasmodic Unknown 


Detrusor muscle relaxation 
Blocks sensory input to bladder 


a-3 adrenergic agonist 

Afferent nerve inhibitors 

Tricyclic antidepressant Some anticholinergic properties, 
smooth muscle relaxation, and 
norepinephrine reuptake inhibition 


Botulinum toxin 
Central-acting 


Inhibit release of acetylcholine 
Serotonin and norepinephrine reuptake 
inhibitor 


IR, Immediate release; TD, Transdermal; ER, extended release. 


Under certain circumstances, it may be beneficial to 
increase oxybutynin above the recommended dose. In a 
study by Bennett et al. (2004), patients with neurogenic 
detrusor overactivity were treated with extended-release 
oxybutynin up to 30 mg per day. 

Tolterodine is a potent muscarinic receptor antagonist 
without selectivity for particular receptor subtypes. Toltero- 
dine is marketed in immediate release and extended release 
formulations. The major active metabolite shows a similar 
pharmacologic profile to its parent compound. A study 
compared extended-release to immediate-release tolt- 
erodine and placebo in 1529 adults with OAB symptoms, 
with the primary outcome of change in weekly incontinent 
episodes. Both medications showed a significantly better 
response than placebo. Dry mouth was significantly lower 
with extended-release tolterodine compared with immedi- 
ate-release tolterodine and placebo. 

The OBJECT trial (Appell et al., 2001), sponsored by the 
manufacturer of extended-release oxybutynin, was a prospec- 
tive, randomized, double-blind parallel group study in which 
378 patients were randomized to receive extended-release 
oxybutynin 10 mg a day or immediate-release tolterodine 
2 mg twice a day. Although both medications decreased 
detrusor overactivity, extended-release oxybutynin had bet- 
ter efficacy and a small but statistically significant advantage 
for mixed incontinence and urinary frequency, compared with 
immediate-release tolterodine. Dry mouth and central nervous 
system side effects were similar for both treatment groups. 


Drugs Dosage 
Oxybutynin 2.5-5 mg tid IR 

5-15 mg qd ER 

3.9 mg/4 days TD 
Tolterodine 1-2 mg bid IR 

4 mg qd ER 
Propantheline 15 mg bid to 30 mg qid 
Trospium 20 mg bid 
Solifenacin 5-10 mg qd 
Darifenacin 7.5-15 mg qd 
Ephedrine 25 mg PO qid 


Pseudoephedrine Nonextended release: 60 mg PO qid 


Extended release: 120 mg PO bid 


Baclofen Initial dose: 5 mg orally 3 times a day 
for 3 days 
Then 10 mg orally 3 times a day for 
3 days 
Then 15 mg orally 3 times a day for 
3 days 
Then 20 mg orally 3 times a day 
Maintenance dose: 40-80 mg/day 
80 mg/day doses should be administered 
in 4 divided doses 
Mirabegron 25-50 mg qd ER 
Capsaicin Investigational 
Resiniferatoxin Investigational 
Imipramine 25 mg qd to 75 mg bid 
Amitriptyline 10 mg/d PO; titrate prn by 10 mg/wk 


until maximum dose of 50 mg is 

reached, urinary symptoms disappear, 

or adverse effects become intolerable 
200-300 units Injected cystoscopically 
Investigational 


Toxins A and B 
Duloxetine 


The OPERA study (Diokno et al., 2003), also spon- 
sored by the manufacturer of oxybutynin, was a random- 
ized, double-blind, parallel group study of 790 women; the 
study compared extended-release oxybutynin 10 mg a day 
with tolterodine 4 mg once a day. Inclusion criteria included 
detrusor overactivity of 21 to 60 episodes per week and fre- 
quency greater than 10 episodes per 24 h. Both medications 
were similar in decreasing detrusor overactivity episodes 
and total incontinence episodes. However, 23% of women 
taking oxybutynin reported no episodes of incontinence, 
compared with 16.8% of women taking tolterodine, a statis- 
tically significant difference. Oxybutynin was significantly 
more effective in reducing frequency, although it was also 
more likely to cause dry mouth. 

The ACET trial, which was sponsored by the manufac- 
turer of tolterodine, involved two separate trials conducted 
in parallel with individual centers evaluating one study drug 
only. Patients were randomly assigned to open label treat- 
ment with either 2 or 4 mg extended-release tolterodine; 
in the other trial, patients were randomized to 5 or 10 mg 
extended-release oxybutynin. Investigators were blinded to 
the existence of the other trial. A total of 1289 patients 
with symptoms of urinary frequency and urgency with 
or without incontinence (OAB wet and OAB dry) were 
enrolled. Although not designed to make direct comparisons 
between the two study populations, the authors reported 
that after 8 weeks, extended-release tolterodine 4 mg was 
significantly better than extended-release oxybutynin 5 and 
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10 mg. Extended-release tolterodine 2 mg once daily was 
similar to extended-release oxybutynin 5 and 10 mg once 
daily. Using a visual analog scale, patients taking extended- 
release tolterodine 4 mg had significantly less dry mouth 
than extended-release oxybutynin 10 mg. Interpretation 
of this study’s results was hampered because no data were 
supplied on the number of patients with isolated frequency 
and urgency versus those with detrusor overactivity and 
urgency incontinence. Also, no objective parameters, such 
as a voiding diary, were used for outcome measures. 

Trospium is a quaternary amine with some antimusca- 
rinic activity. Because of its structure, it does not cross the 
blood-brain barrier well and may, therefore, have fewer 
central side effects. Zinner (2005) performed a multi- 
center, parallel, double-blind, placebo-controlled trial with 
523 patients and found trospium 20 mg twice daily to be 
superior to placebo in decreasing the number of voids and 
incontinence episodes. 

Darifenacin shows high selectivity for M3 receptor 
subtypes, with an 11-fold higher affinity for M3 than M2 
receptors. Haab et al. (2004) studied 561 patients with 
detrusor overactivity and found that doses of darifenacin 
at 7.5 and 15 mg were superior to placebo for reducing 
incontinent episodes. 

Solifenacin is another M3-selective antagonist with 
selectivity for the bladder over salivary glands. Chapple 
et al. (2004) published results of a phase II trial that com- 
pared solifenacin and tolterodine with placebo. With tolt- 
erodine 2 mg twice daily, patients experienced a statistically 
significant decrease in the number of voids per 24 h, but the 
decrease in incontinence and urgency episodes per a 24-h 
period was not statistically significant. In contrast, solifena- 
cin showed statistically significant decreases for the num- 
ber of voids, incontinent episodes, and urgency episodes 
per 24 h. Dry mouth was seen in 18.6% of patients using 
immediate-release tolterodine and in 14% and 21.3% using 
solifenacin 5 mg and 10 mg, respectively. 

Based on a Cochrane review of the literature in 2006, 
anticholinergics were found to significantly improve OAB 
symptoms. Fifty-one trials and 32 parallel study designs 
involving a total of 6713 adults were included in the anal- 
ysis. The medications in the included studies were darif- 
enacin; emepronium bromide or carrageenate; oxybutynin 
chloride; propiverine; propantheline; tolterodine; and tros- 
pium chloride. Although the review did find a statistically 
significant improvement in symptoms compared to placebo, 
it is unclear if this was a clinically significant improvement 
as the treatment group only had one less void and one less 
leakage episode in 48 h compared to the control group. 
This study also had a high rate of improvement on placebo, 
which illustrates the subjective nature of the studies and 
masks the true effect size of the anticholinergics. Finally, the 
treatment group had a significantly high rate of dry mouth, 
which is likely to limit medication compliance. 

A common question that often arises among students 
and practitioners alike in caring for patients with OAB is 
“which anticholinergic drug should be used?” Madhuvrata 
et al. (2012) sought to answer that very question in a recent 
Cochrane review. They included in their review trials that 
made four types of comparison, including comparisons of 
different anticholinergic drugs, different doses of the same 
drug, immediate release (IR) versus extended release (ER) 


preparations, and comparisons of ER preparations. Oxybu- 
tynin and tolterodine were the most studied drugs as they 
have been on the market longer than the others. They were 
found to have similar effects, but patients were more likely 
to discontinue oxybutynin compared to tolterodine second- 
ary to adverse effects (i.e., dry mouth). Dry mouth was 
less common with extended release formulation for both 
drugs. Based on this meta-analysis, both solifenacin and fes- 
oterodine had better effects than tolterodine. However, dry 
mouth was more likely in patients with fesoterodine and 
less likely with solifenacin. 


Antispasmodic 


Baclofen, an antispasmodic, is a derivative of GABA and 
is primarily used to treat spasticity, particularly in patients 
with spinal cord injury and MS. Although not used com- 
monly in treatment of OAB, some evidence exists suggest- 
ing that baclofen may be useful in treating women with 
voiding difficulty who are taking anticholinergics. Chin 
et al. (2012) compared women taking anticholinergics with 
abnormal voiding patterns versus women with normal void- 
ing patterns. The authors compared the two group’s voiding 
patterns before and after treatment with baclofen, noting a 
statistically significant improvement in voiding in patients 
receiving baclofen. The authors concluded that in women 
with abnormal voiding patterns on anticholinergics, the 
addition of baclofen may be helpful in reducing ongoing 
voiding difficulties. 


Adrenergic Medications 


In addition to antimuscarinic medications, adrenergic ago- 
nists and antagonists have also been used to treat OAB. 
Because the bladder and urethra contain a- and B-adrenergic 
receptors, stimulation of these receptors can influence blad- 
der and urethral function. 

The Food and Drug Administration (FDA) has approved 
the use of mirabegron, which is a f3-adrenergic agonist, 
for the treatment of OAB. Mirabegron acts on the ß3- 
adrenoreceptors in the wall of the bladder. These receptors 
are involved in bladder wall relaxation during the filling and 
storage phase of micturition. Mirabegron was found in three 
separate randomized-controlled clinical trials to signifi- 
cantly decrease the number of incontinence episodes and 
micturitions while significantly increasing bladder capacity. 

Although side effects to this medication are low, the 
most commonly reported adverse reactions are hyperten- 
sion, nasopharyngitis, UTI, and headache. Mirabegron is not 
recommended in patients with uncontrolled hypertension 
and blood pressure should be monitored in patients with a 
diagnosis of hypertension. Mirabegron is a CYP2D6 inhibi- 
tor, so in patients taking medications metabolized by this 
enzyme (i.e., metoprolol and desipramine), dosing may 
need to be adjusted. Patients on digoxin and warfarin should 
also be monitored closely as mirabegron has been shown to 
increase the systemic effects of these medications. Finally, 
as with anticholinergics, §3-adrenergic agonists could theo- 
retically increase the risk for urinary retention so mirabe- 
gron should be used with caution in patients with clinically 
significant bladder outlet obstruction. 

Ephedrine, phenylpropanolamine, and pseudoephed- 
rine act via direct stimulation of a-adrenergic receptors to 
increase urethral tone and closure pressure. Beta-adrenergic 


agonists, including isoproterenol and terbutaline, induce 
bladder relaxation and decrease intravesical pressure. The 
Cochrane Database (2003) reviewed the efficacy of adren- 
ergic drugs for urinary incontinence in adults. In 15 random- 
ized trials, weak evidence suggested that adrenergic agonists 
were better than placebo for urinary incontinence. 


Drugs That Act on Afferent Mechanisms 


Two medications that affect receptors on afferent nerves 
have been identified for potential use as therapeutic inter- 
ventions: capsaicin and resiniferatoxin (RTX). Both medica- 
tions are dissolved in ethanol and instilled into the bladder. 
Capsaicin may initially produce some discomfort when 
instilled, whereas RTX does not. RTX is 1000 times more 
potent than capsaicin such that the nerve may be “burned 
out” before it can cause excitation. Kim et al. (2003) treated 
36 patients with refractory neurogenic detrusor overactivity 
with intravesical RTX. Improvements were seen in mean 
cystometric capacity and incontinence episodes. Some 
patients had an increase in cystometric capacity of 500%. 
These agents are currently not commercially available, and 
are thus only utilized under a research protocol. 


Antidepressants 


Potential neurotransmitter targets in the central mecha- 
nisms include serotonin, GABA, glycine, dopamine, and 
noradrenaline. Both sympathetic and parasympathetic auto- 
nomic nuclei, as well as urethral sphincter motor nuclei, 
receive serotonergic input from the Raphe nuclei in the 
caudal brainstem. Serotonergic pathways promote urine 
storage by activating sympathetic pathways and inhibiting 
parasympathetic pathways. Duloxetine is a selective sero- 
tonin and norepinephrine reuptake inhibitor that has been 
shown to increase bladder capacity in animal models and 
shows promise for the treatment of both urge and stress 
incontinence. Phase III studies have shown duloxetine to 
be superior to placebo in the treatment of stress inconti- 
nence, Bump et al. (2003) also analyzed a subset of women 
with mixed incontinence and found that duloxetine showed 
equal efficacy in women with either mixed incontinence 
or pure stress urinary incontinence. In a study by Steers 
et al. (2007), 306 women were randomized to placebo or 
increasing doses of duloxetine (80 to 120 mg/day). The 
patients in the duloxetine arm had significant improve- 
ments over the placebo arm for a decrease in the number 
of voids and incontinence episodes, an increase in daytime 
voiding intervals, and overall improvements in quality of life 
scores on validated questionnaires. Adverse events included 
dry mouth, dizziness, constipation, insomnia, and fatigue. A 
slight increase in postvoid residual was noted in the dulox- 
etine group, but no patients reported hesitancy and no evi- 
dence of urinary retention was noted. Until more data are 
available, duloxetine is not recommended for routine use in 
patients with OAB. 

Tricyclic antidepressants, including amitriptyline and 
imipramine, produce smooth muscle relaxation, inhibit nor- 
epinephrine reuptake, and have anticholinergic properties. 
Woodman et al. (2001) reported that imipramine was an 
effective treatment in 25 patients with detrusor overactiv- 
ity. Incontinent episodes were reduced and quality of life 
was improved; however, 41% of patients experienced side 
effects and, ultimately, 14% withdrew from the study. 
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Botulinum Toxin 


The use of onabotulinumtoxin A (BOTOX®) is increasing 
in many areas of medicine. Injection of BOTOX® into the 
detrusor muscle for OAB has received a lot of attention 
for the past several years. In 2011, the United States FDA 
approved the use of BOTOX® for detrusor overactivity in 
patients with associated neurologic conditions, such as mul- 
tiple sclerosis and spinal cord injury. The FDA approved the 
use of BOTOX® for idiopathic refractory OAB in January 
2013. Based on a recent Cochrane review, the majority of 
studies available evaluating BOTOX® for OAB were in those 
patients with neurogenic bladder, but there are several stud- 
ies looking at BOTOX® for idiopathic OAB. Larger dosages 
of BOTOX® (300 U versus 100 U) were found to have bet- 
ter symptom improvement but with more adverse effects 
(i.e., urinary retention). Brubaker et al. (2008) found a tran- 
sient increase in postvoid residual urine in 43% of patients 
treated with 200 U of intravesical BOTOX®. This study 
did find an improvement in OAB symptoms with a median 
durability of effect to be approximately 1 year. Based on 
currently available data, intravesical injection of BOTOX® 
is better than placebo for treatment of OAB symptoms but 
more long-term studies are needed to determine the safety 
profile and optimal dosage for treatment. See Chapter 37 
for a more indepth discussion of the use of BOTOX® for 
idiopathic OAB and neurogenic bladder. 


Electromotive Drug Administration 


Other methods for treating OAB are available but less stud- 
ied and not widely accepted. One such treatment is elec- 
tromotive drug administration (EMDA). EMDA is a drug 
delivery method that combines iontophoresis and electro- 
phoresis to achieve a higher local concentration of the drug. 
Gauruder-Burmester et al. (2008) treated 72 patients with 
refractory OAB with EMDA. The intravesical instillation 
consisted of 100 mL 4% lidocaine, 100 mL distilled water, 
40 mg dexamethasone, and 2 mL epinephrine. They found 
a statistically significant improvement in bladder capacity, 
number of micturitions/day, quality of life, and sexuality. 


Acupuncture 


Acupuncture also has been used in many different areas of 
medicine and OAB has not been excluded. Emmons and 
otto (2005) randomized 85 women in a placebo controlled 
trial evaluating the use of acupuncture for the treatment of 
OAB with urgency incontinence. The two arms included an 
acupuncture treatment that was expected to improve blad- 
der function and one that was designed only to promote 
relaxation. The women received four weekly treatments 
and the group that had the bladder specific treatments had 
significant improvements in their OAB symptoms. How- 
ever, given the limited data available and the potential hur- 
dles in access to care, acupuncture remains are rarely used 
treatment modality for OAB. 


Percutaneous Tibial Nerve Stimulation 


Percutaneous tibial nerve stimulation (PTNS, UrgentPC™) 
is a nonsurgical, ambulatory treatment that has been found 
to reduce OAB symptoms in both idiopathic and neu- 
rogenic OAB. Although this treatment requires weekly 
30-min treatment sessions for 12 consecutive weeks, the 
treatment has very little associated adverse events and is 
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not painful. The procedure involves placing a small needle 
electrode into the lower inner aspect of either leg cephalad 
to the medial malleolus. A surface electrode is placed using 
sticker adhesive and the needle electrode is then connected 
to a stimulator. The generated electrical pulse then travels 
to the sacral nerve plexus via the tibial nerve. The place- 
ment of the needle electrode is easy to learn and can be 
done by any office personnel including a medical assistant. 
Peters et al. (2010) performed a double-blinded clinical 
trial in which 220 women with OAB were randomized to 
either PTNS or sham and they found statistically signifi- 
cant improvement in bladder symptoms after 12 weeks of 
therapy. The findings from this study are consistent with 
other published reports. Given the ease of performing the 
procedure and the minimal adverse events, PTNS is a rea- 
sonable treatment option for patients with OAB. However, 
the patient’s unwillingness to travel weekly to the office for 
3 months and some insurance companies unwillingness to 
pay for these multiple visits has limited wider applicability 
of this treatment option. 


Dorsal Genital Nerve Stimulation 


Another experimental procedure involves stimulating the 
dorsal genital component of the pudendal nerve. Goldman 
et al. (2008) showed a decrease in OAB symptoms in women 
with percutaneous stimulation of the dorsal genital nerve. 
Twenty-one women were enrolled in this feasibility trial and 
a greater than 50% reduction was seen in both the 24-h pad 
weight and the daily incontinence episodes. Adverse effects 
were minimal and included pain and bruising around the 
electrode exit site. Further studies are needed to explore 
this treatment option. 


Estrogen Therapy 


Although controversial, some evidence exists that would 
suggest that locally applied vaginal estrogen may be help- 
ful in reducing urgency symptoms in women with OAB. 
One theory is that estrogen vaginal tablets or cream may 
decrease the irritation of the vaginal tissues, and thus the 
patient perceives a reduction in irritative voiding symptoms 
rather than a true effect on the lower urinary tract. Either 
way, further investigations with objective data are needed to 
determine if local estrogen cream is effective as a first-line 
or adjunct therapy for OAB. 


Surgical Management 


Prolapse of the vaginal apex and specifically the anterior 
vaginal wall could, in theory, cause OAB symptoms in some 
patients. The relative displacement of the bladder and pos- 
sible obstruction of urinary flow may be the etiology of the 
OAB symptoms in this situation. Reduction of the prolapse 
with a pessary or repair of the prolapse could potentially 
improve OAB in this population of patients. 

Sacral neuromodulation involves inserting an insulated 
wire into the S3 foramen and connecting the wire to a stim- 
ulation device called InterStim, which is produced and mar- 
keted by Medtronic (Medtronic, Inc., Minneapolis, MN). 
The mechanism for improving OAB symptoms is unknown. 
For more information on neuromodulation therapy, see 
Chapter 37. 

More invasive surgery is reserved for the treatment of 
associated urologic conditions and in the uncommon case in 


which intractable symptoms of detrusor overactivity persist 
despite exhausting all conservative and less invasive mea- 
sures previously discussed. Historically, many different sur- 
gical procedures have been used, but only a few have stood 
the test of time. 

Bladder transection was initially described by Turner- 
Warwick and Ashken (1967). This operation involved 
complete transection of the bladder above the trigone and 
ureteric orifices and division of all inferior lateral com- 
munications. The largest series was reported by Mundy 
(1983), who noted a 74% subjective cure rate at 1-year 
follow-up. 

Transvaginal infiltration of the pelvic plexus with phe- 
nol was described by Ewing et al. (1982) as a less trau- 
matic alternative to bladder transection. Initial studies 
reported success rates around 60% for refractory detru- 
sor overactivity. Wall and Stanton (1989) reported on a 
series of 28 patients, with refractory detrusor overac- 
tivity, who underwent a total of 40 transvesical phenol 
injections. Only eight patients (29%) achieved a sig- 
nificant response, and all relapsed during the 22-month 
follow-up period. 

A similar denervation procedure is selective blockade 
of the sacral pelvic nerves, which involves the injection 
of a local anesthetic into the foramina of sacral segment 
S3. Permanent neurolysis can be obtained by the injec- 
tion of 6% aqueous phenol. The few studies on this pro- 
cedure have reported variable results. Awad et al. (1987) 
developed a similar technique using a cryoprobe instead of 
phenol injections. They reported good or excellent results 
in 16 of 17 patients with idiopathic detrusor overactivity. 
Mean duration of follow-up was 4.8 months. The tech- 
nique was safe, and temporary sensory disturbances were 
the only side effects. 

The Ingelman-Sundberg procedure is a transvaginal par- 
tial denervation of the bladder originally described in 1959 
(Ingelman-Sundberg, 1978). In this procedure, the inferior 
hypogastric pelvic nerve plexus is resected after a prelimi- 
nary local anesthetic block has indicated the likelihood of 
a symptomatic response. Successful outcomes have been 
reported in 50% to 80% of patients. 

Augmentation cystoplasty has been used for cases of 
resistant detrusor overactivity. The bladder is bisected 
almost completely, and a patch of gut, usually ileum, equal 
in length to the circumference of the bisected bladder 
(approximately 25 cm), is sewn in place. The operation 
often cures the symptoms of detrusor overactivity but 
results in inefficient voiding. Patients may have to learn 
to strain to void or resort to clean intermittent self-cath- 
eterization. Mundy and Stephenson (1985) reported on 
a series of 40 patients treated by “clam” ileocystoplasty. 
Thirty-six patients (90%) were cured of their symptoms, 
and 30 were able to void spontaneously and efficiently. 

Recent concerns regarding the possible long-term untow- 
ard sequelae of enterocystoplasty have led to a search for an 
alternative. Detrusor myomectomy may achieve the same 
improvement in bladder compliance and is currently under 
study in various clinical situations. 

For women with severe detrusor overactivity in whom 
all other methods of treatment have failed, urinary diver- 
sion via an ileal conduit may be considered as a last resort. 
This therapy is particularly useful in young disabled 


patients with severe neurologic dysfunction. See Chapter 
37 for a more detailed discussion of surgical procedures for 
refractory OAB. 


Conclusion 


OAB symptoms are prevalent in our society, and we are just 
beginning to have a full understanding of the impact of this 
condition. The mainstay of treatment has been antimusca- 
rinic medications along with behavior modification. A tre- 
mendous amount of resources have been spent marketing 
and comparing different anticholinergic agents. Research 
must continue and hopefully lead to new approaches of 
therapy for this syndrome. 


Nocturia 
Definition 


Nocturia may be one of the symptoms experienced by a 
patient with OAB syndrome and is defined as “the com- 
plaint of interruption of sleep one or more times because 
of the need to micturate. Each void is preceded and fol- 
lowed by sleep.” Nocturnal frequency includes only those 
voids preceded and followed by sleep. Thus, the first morn- 
ing after a night’s sleep is counted toward daytime (diurnal) 
frequency rather than nocturia. Nocturnal enuresis signifies 
voiding while remaining asleep, constituting part of the noc- 
turnal voided volume. Nocturnal enuresis does not count as 
nocturia because the patient fails to wake up when passing 
urine, but it clearly must be factored into any evaluation of 
LUTS and nocturnal urine production. The nocturnal urine 
production is calculated by adding the first morning void 
to the nocturnal voided volume. It is the nocturnal urine 
production that determines the diagnosis of nocturnal poly- 
uria. The ICS Standardization Committee defined noctur- 
nal polyuria as nocturnal urine production exceeding 20% of 
24-h urine output in younger adults and 33% in older adults. 
Polyuria is defined as a 24-h voided volume of >2.8 Lina 
70-kg adult (>40 mL/kg). The functional reservoir capac- 
ity of the lower urinary tract and the renal output volume 
it receives overnight can be linked using a nocturnal index, 
which is derived from a frequency volume chart. A noc- 
turnal index in excess of 1.0 signifies that nocturnal urine 
production exceeds the largest voided volume, such that 
it will be inevitable that the person has to get up at night 
to urinate. Studies have shown that the more frequent the 
episodes of nocturia the more bothersome the symptom. 
Tikkinen et al. (2010) found that patients were found to 
be “bothered” with 22 voids/night and 23 voids/night was 
associated with “moderate-to-severe” bother. Although not 
always surprising or abnormal to get out of bed one time per 
night to void, frequent nocturia can lead to daytime fatigue, 
a decrease in productivity, and depression. Furthermore, 
nocturia can be associated with significant medical prob- 
lems that need to be addressed. 


Prevalence 


The prevalence of nocturia increases with age. Burgio 
et al. (2010) looked at the prevalence of nocturia in 1000 
older community-dwelling adults and found a significant 
association between nocturia and African American race. 
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Although overall more common in men, women with 
nocturia tended to be of an older age, African American 
race, have a history of urinary incontinence, edema of the 
extremities, and a diagnosis of hypertension. The higher 
prevalence of nocturia in African American individuals 
may be associated with a higher incidence of diabetes, 
hypertension, obesity, and cardiovascular disease in this 
population of patients. Interestingly, a higher education 
was found to be protective in this study. A meta-analysis of 
43 studies, using 22 voids/night (more clinically relevant), 
found prevalence rates in men aged 20 to 40 years of 2% 
to 17% and a similar range in women of the same age at 
4% to 18%. Consistent with the findings mentioned above, 
the prevalence increased with age and, in men and women 
older than 70 years of age, the prevalence was 29% to 59% 
and 28% to 62%, respectively. 


Pathophysiology 


Although the definition of nocturia is clear, it does not 
give any indication of the etiology of the condition. Figure 
35.13 details the potential causes or associated risk factors 
for nocturia. Determining the etiology of nocturia in any 
given patient is left in the hands of the care provider. The 
pathophysiology, after careful investigation by the clini- 
cian, should be able to be categorized as polyuria, nocturnal 
polyuria, a bladder storage disorder, or possibly a primary 
sleep disorder. Bing et al. (2007) compared 75 patients with 
nocturia to 75 controls. Bladder diaries revealed that 55% 
of patients had nocturnal polyuria, which was defined as 
a urine volume >33% of the total voided 24-h urine vol- 
ume. In addition, patients were able to be categorized into 
an underlying pathophysiologic cause using bladder diaries 
84% of the time. Furthermore, adding patient symptoms 
and urodynamic examination results increased the abil- 
ity to categorize the underlying pathophysiology in up to 
96% of patients. The authors found nocturnal polyuria to 
be the most common cause of nocturia occurring in 32% of 
patients, followed by a combination of nocturnal polyuria 
and OAB (25%) and OAB alone (17%). Twenty-one percent 
of patients had polyuria alone or in combination with OAB 
or nocturnal polyuria. Overall, the authors suggest that an 
effective treatment approach may be tailored specifically 
for patients based on the underlying pathophysiology. 

In patients with a complaint of nocturia, a careful his- 
tory and physical examination and consultation with the 
patient’s primary care provider may uncover other signifi- 
cant medical problems. Lowenstein et al. (2008) found 
an association with obstructive sleep apnea (OSA) in 81% 
of women with nocturia. Although this was a small study 
involving only 21 patients, the results reached statistical 
significance when compared to the control subjects. Antidi- 
uretic hormones may be inhibited by possible increased lev- 
els of atrial natriuretic peptide secreted in these patients 
resulting in nighttime diuresis. Although theoretical, if a 
diagnosis of OSA is found in these patients, then treatment 
with continuous positive airway pressure might not only 
improve their sleep apnea but also minimize their nocturia 
as well. Given the bothersome nature of nocturia, patients 
may complain of this symptom more than other symptoms 
and clinicians need to be suspicious of potential serious 
underlying medical conditions. 
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Sleep disorders 


Primary sleep disorders: insomnia, periodic leg movements, 
narcolepsy, arousal disorders (i.e., sleepwalking, nightmares) 
Secondary sleep disorders: cardiac failure, chronic 
obstructive pulmonary disease, endocrine disorders 
Neurologic conditions: Parkinson disease, dementia, 


epilepsy 

Psychiatric conditions: depression, anxiety 

Chronic pain disorders 

Alcohol or drug use (consumption or withdrawal) 
Medications (corticosteroids, diuretics, B-adrenergic 
antagonists, thyroid hormones, psychotropics, antiepileptics) 


No abnormality on FVC 


Nocturnal polyuria 


Peripheral edema/ANF secretion: Congestive heart failure, 
autonomic neuropathy, venous stasis, lymphostasis, hepatic failure, 
hypoalbuminemia/malnutrition, nephrotic syndrome 

Excessive evening fluid intake 

Nighttime drinking 

Circadian defect in secretion or action of AVP (including CNS 
lesions of the hypothalamic-pituitary axis, Parkinson disease, MS) 
Drugs: diuretics, ethanol, steroids 

Renal tubular dysfunction (including diabetes mellitus and 
albuminuria) 

Obstructive sleep apnea 


NPI >20-33% 


Nocturia 


24-h urine volume >40 mL/kg 


24-h polyuria 
Diabetes mellitus 
Diabetes insipidus 
Primary polydipsia 


Hypercalcemia 

Drugs (diuretics, selective serotonin reuptake inhibitors, 
calcium channel blockers, tetracycline, lithium, carbonic 
anhydrase inhibitors) 


NBCi >0 


Reduced bladder capacity 
(functional or extrinsic) 


Bladder pain syndrome, BOO, OAB 

Neurogenic bladder (Parkinson disease, MS, SCI, stroke) 
Lower urinary tract cancer 

Lower urinary tract calculi 

Bladder aging 

Voiding dysfunction with high postvoid residual 


Etiologies of nocturia, classified according to the four definitions based on the frequency volume chart (FVC). Sleep disorders have been classified as a cause 
of nocturia, given the considerations exposed in the International C ontinence Society document [2]. 


FIGURE 35.13 Potential underlying medical conditions associated with nocturia. ANF, atrial natriuretic factor; AVP, arginine vasopressin; 
BOO, benign outlet obstruction; CNS, central nervous system; MS, multiple sclerosis; NBCi, nocturnal bladder capacity index; NPI, nocturnal 
polyuria index; OAB, overactive bladder; SCI, spinal cord injury. (Cornu JN, Abrams P, Chapple CR et al. A contemporary assessment of nocturia: 
definition, epidemiology, pathophysiology, and management — a systematic review and meta-analysis. Eur Urol. 2012;62(5):877-8 90.) 


Vaughan et al. (2010) found that three or more epi- 
sodes of nocturia were found to be associated with a 28% 
increased risk of falling. Given the significant consequences 
of falls in the elderly (i.e., loss of independence, injury, and 
injury-associated death), decreasing a patient’s nocturia epi- 
sodes may be one intervention to decrease this risk. 


Diagnosis 


When assessing a patient for nocturia, determining whether 
the patient feels that her nocturia is a problem to her is 
important. The initial evaluation starts with a detailed his- 
tory, including questions about voiding behavior, previous 
UTIs, medical and surgical history, and possible sleep dis- 
turbances. A physical examination should be performed, 
and a UTI should be ruled out. Assuming that the patient 
desires treatment, behavioral changes that include reduc- 
ing caffeine and alcohol intake and fluid management to 
limit fluid intake before bedtime, may be initiated. In 
some cases, this may be sufficient to manage the patient’s 
symptoms. If patients are still symptomatic after simple 
measures, further evaluation should be performed. Care 
must be taken not to impose a general fluid restriction 
before further evaluation is carried out, because this could 
have serious consequences in women with undiagnosed 
diabetes insipidus. 


Further evaluation includes asking the patient to keep a 
bladder diary for 24 to 72 h, in which she records the volume 
and type of fluid ingested, as well as the volume and time of 
each void. It should also include the time she retires to bed, 
what time she wakes up, and her subjective assessment of 
whether she felt that the night was good or bad in terms of 
her sleeping pattern. If a sleep disorder is suspected, a noc- 
turnal polysomnography should be ordered. Sleep disorders 
potentially related to nocturia include insomnia, obstructive 
and central apnea syndrome, restless legs syndrome, peri- 
odic legs syndrome, parasomnias, sleep disorders related to 
medical conditions, such as chronic obstructive lung disease, 
and sleep disorders related to neurologic diseases, such as 
Alzheimer disease. 

If a patient’s urine output exceeds 40 mL/kg body weight 
during a 24-h period, this meets the definition of polyuria 
and should be investigated further. The patient may have 
solute diuresis (e.g., diabetes mellitus) or diabetes insipidus. 
The various types of diabetes insipidus (pituitary, renal, ges- 
tational, and primary polydipsia) can be differentiated by 
measuring the glucose, specific gravity, and osmolality of 
a 24-h urine collection, followed by various more special- 
ized tests best undertaken by the appropriate subspecial- 
ist. Patients with nocturia without polyuria will most likely 
have reduced voided volume or a sleep disorder. Nocturnal 
polyuria (production of an abnormally large volume of urine 
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Initial assessment and management of nocturia 


@ Characterize mechanism 


Reduced bladder 
capacity 


Nocturnal 


24-h polyuria polyuria 


Clear causative 
disease(s) 


1. Consider behavioral measures: consider offering 
preemptive voiding, dietary and fluid restrictions, 
medication timing, evening leg elevation, use of sleep 
medications/aides, use of protective undergarments 

2. Consider desmopressin in all cases of nocturnal 


Consider specific 
treatment of 
causative disease 


polyuria 


without nocturnal polyuria 


Frequency-volume chart 


@ Identify specific etiology 


NO clear causative disease 


(3) Identify specific context and adapt treatment 


3. Consider a-blockers for men with associated LUTS 


+ Clinical examination 


Assessment of other LUTS (validated questionnaire) 
Comprehensive assessment of medications 
Associated diseases: neurologic, cardiac, 
psychiatric 

Fluid intake and alcohol consumption 

Specific complaint about nocturia (N-QoL score) 
Basic evaluation of sleep: quality, duration, in 
order to exclude primary sleep disturbances. 


Male LUTS 
Women OAB 


Consider available 
clinical guidelines 


4. Consider antimuscarinics for patients with OAB 


(4) Reassess with frequency-volume chart 


Algorithm for evaluation and treatment of nocturia. Primary sleep disorders (responsible for patient's awakening before the desire to pass urine) should be ruled 


out at clinical examination to avoid in-depth exploration. 


FIGURE 35.14 Initial assessment and management of nocturia. BPS, bladder pain syndrome; LUTS, lower urinary tract symptoms; N-QoL, 
Nocturia Quality of Life; OAB, overative bladder. (Cornu JN, Abrams P, Chapple CR et al. A contemporary assessment of nocturia: definition, epide- 
miology, pathophysiology, and management — a systematic review and meta-analysis. Eur Urol. 2012;62(5):877-8 90.) 


during sleep) is measured by including all urine produced 
after going to bed and the first void after rising. This value 
varies considerably from person to person and normally 
increases with age. Causes of nocturnal polyuria include 
congestive heart failure, autonomic dysfunction, sleep apnea 
syndrome, renal insufficiency, estrogen deficiency, and circa- 
dian defect in secretion or action of antidiuretic hormones. 

Bladder storage problems can be suspected from the 
bladder diary by comparing each nighttime voided volume 
with the patient’s maximum bladder capacity. However, 
there is no definitive range of normal or abnormal volumes 
and clinical judgment is required in reviewing the patient’s 
bladder diary. Some patients who could be suspected of hav- 
ing a bladder storage problem, based on the bladder diary, 
in reality, may have a sleep disturbance. Patients who wake 
frequently at night for other reasons may feel the need (or 
habit) to void each time they wake, voiding a small volume. 
Further investigation in a sleep laboratory may be necessary 
to determine the cause of nocturia in these patients. 


Treatment 


Figure 35.14 shows an algorithm for treatment of noctu- 
ria. Initial treatment of nocturia should start with basic 


behavioral modifications. Type of life style modifications 
that may be helpful in managing nocturia include voiding 
before bed, restricting fluids (particularly caffeinated bever- 
ages and alcohol) in the evening, leg elevation and the use 
of compressions stockings during the day to avoid lower 
extremity edema, use of protective undergarments, and the 
use of medications to aid with sleep. In addition, if a patient 
is on a diuretic, timing that medication in the mid-afternoon 
may be helpful. Serenoa repens (i.e., saw palmetto berry 
extract) is an over-the-counter herbal supplement that is 
sometimes used by men with benign prostatic hyperplasia 
(BPH) to minimize nocturia, but data supporting its efficacy 
is underwhelming. 

Many of the studies evaluating different treatment 
methods for nocturia have focused on nocturia associ- 
ated to BPH. Given that the underlying pathophysiology 
of nocturia in the setting of BPH is different than the 
underlying cause of nocturia in women, the ability to gen- 
eralize the results of these studies to both genders is lim- 
ited. Brubaker and FitzGerald (2007) evaluated the use 
of solifenacin in both male and female patients with OAB 
and nocturia with and without nocturnal polyuria. In this 
study, no difference was seen in those patients with OAB 
and nocturnal polyuria. However, subjects with OAB 
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and nocturia (without nocturnal polyuria) were found be 
more likely to have one or fewer voids per night compared 
to placebo. A couple of other studies using trospium chlo- 
ride had similarly encouraging results. However, not all 
studies show similarly efficacious results with anticholin- 
ergics and it may be that the patients who benefit the 
most are those with significant urgency associated with 
their nocturia episodes. 

Based on recommendations from The Committee for 
Establishment of the Clinical Guidelines for Nocturia of 
the Neurogenic Bladder Society, the daytime use of diuret- 
ics is useful in decreasing nocturnal polyuria. In patients 
with significant lower extremity edema, resorption of that 
fluid at night with the resultant diuresis causes nocturia. 
In those patients who are taking diuretics, timing the dos- 
age for later in the day may be helpful. If the medication 
is given in the afternoon, this may help with eliminating 
the third-space fluid. The patients should be instructed to 
avoid taking the antidiuretic too close to bedtime as this 
may exacerbate the nocturia. 

The use of desmopressin for the treatment of nocturia 
has also been studied. Desmopressin, which is adminis- 
tered orally or pernasally, works by increasing water reab- 
sorption at the level of the kidney thereby reducing the 
volume of urine excreted and increasing urine osmolality. 
Desmopressin has been shown in randomized controlled tri- 
als to decrease the number of nocturnal voids and improve 
quality of life. The dilemma with using desmopressin for 
the treatment of nocturia is that it is not FDA approved 
for nocturia and it has not been studied in patients with 
kidney or liver disease, patients using medication for car- 
diovascular disease, or those who have hyponatremia or 
treatment-refractory hypertension with orally administered 
drugs. Concomitant use of diuretics and antidepressants 
may interfere with the action of desmopressin. Given that 
many of our patients who present with nocturia have one 
or several of the above mentioned conditions, the use of 
desmopressin in clinical practice is often inhibited by the 
inability to find a suitable candidate for this drug. Careful 
monitoring for adverse events and assessing serum sodium 
levels 3 days after initiating therapy is important. The medi- 
cation should be stopped if serum sodium levels are below 
the normal range. 


Conclusion 


The diagnosis of OAB syndrome and nocturia is not difficult 
and can easily be accomplished with a careful medical his- 
tory and physical examination. The challenge lies in under- 
standing the underlying pathophysiology of the disease and 
the specific etiology for the symptoms in each patient. This, 
in turn, will help the clinician tailor an appropriate treat- 
ment plan that is effective for the patient suffering from 
these conditions. 
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Hypersensitivity or sensory disorders of the lower urinary 
tract in women have been poorly elucidated, and manage- 
ment has been guided by anecdotal evidence. Reliable and 
standardized testing to make an accurate diagnosis remains 
elusive. These disorders represent a spectrum of symptoms 
and conditions that include chronic bacterial cystitis, urgency 
and frequency syndrome, “sensory urgency,” and urethral 
syndrome. The International Continence Society (ICS) rec- 
ognizes this syndrome as genitourinary pain syndromes and 
syndromes suggestive of pelvic floor dysfunction. Pain is the 
major complaint but concomitant complaints are of the lower 
urinary tract, bowel, and vagina, and of a sexual or gynecologic 
nature. This definition includes the following syndromes: 
bladder pain, urethral pain, vulvar pain, vaginal pain, perineal 
pain, and pelvic pain. Ultimately, hypersensitivity disorders, 
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pelvic pain syndrome, and interstitial cystitis (IC) remain 
diagnoses of exclusion (Abrams et al., 2002). This chapter 
focuses on what may be the ultimate expression of this dis- 
ease process: interstitial cystitis/bladder pain syndrome. 

Anatomically, the short female urethra lends itself to 
infectious invasion. Childbirth and sexual activity cause dis- 
placement and trauma to the bladder neck. The postmeno- 
pausal state subjects the female lower urinary tract to the 
effects of chronic estrogen deprivation. This leads to isch- 
emia, with a decrease in the urethral mucosal cushion and 
increased susceptibility of the bladder to bacterial adher- 
ence. The result is potential exposure of the neurovascular 
elements of the bladder wall to urinary toxins and infectious 
agents. The physiologic ramifications of chronic overstimu- 
lation of the sensory nerve components of the lower urinary 
tract are not clearly understood. 

Hypersensitivity disorders reside in most physicians’ 
practices. An estimated 15% of the 7 million women who 
experience a urinary tract infection (UTI) annually will have 
recurrences (greater than two episodes in 6 months or greater 
than three in 1 year). Of the 8.5 million women with urinary 
incontinence, about 40% have detrusor overactivity. More 
than 750,000 women have IC, and their quality of life is 
often lower than that of age-matched patients on renal dialy- 
sis. Significant clinical depression is present in 68% of these 
patients. In the absence of infection, patients with frequency, 
urgency, and pain are often classified as having one or more 
of the following: bladder pain syndrome, urethral syndrome, 
frequency and urgency syndrome, urethral instability, “sen- 
sory urgency,” or IC. These terms may represent one disease 
process in different phases or degrees of severity (Fig. 36.1). 


Interstitial Cystitis 


IC is the most challenging and encompassing hypersensitivity 
disorder. Tremendous efforts have been made to gain an under- 
standing of this disease, but the etiology remains unclear. This 
section presents the current understanding of the nomencla- 
ture, pathogenesis, and diagnostic approach to IC. 


Nomenclature 


In 1987, for research purposes, the National Institutes of 
Health (NIH) established standardized diagnostic criteria 


Severity of symptoms 


Recurrent Urethral Mild NIH Advanced 
UTI syndrome interstitial cases interstitial 
diagnosis cystitis cystitis 


FIGURE 36.1 Spectrum of interstitial cystitis. NIH, National Insti- 
tutes of Health; UTI, urinary tract infection. 


CATEGORY A: AT LEAST ONE OF THE FOLLOWING 


FINDINGS ON CYSTOSCOPY 
e Diffuse glomerulations (at least 10 per quadrant) in at 
least three quadrants of the bladder 
e A classic Hunner ulcer 


CATEGORY B: AT LEAST ONE OF THE FOLLOWING 
SYMPTOMS 

e Pain associated with the bladder 

e Urinary urgency 


EXCLUSION CRITERIA 
e Age <18 years* 

Urinary frequency while awake <8 times per day 
Nocturia fewer than two times per night 
Maximal bladder capacity >350 mL while patient is awake 
Absence of an intense urge to void with bladder filled to 
150 mL of water with medium filling rate (30-100 mL/ 
min) during cystometry 
Involuntary bladder contractions on cystometry using 
medium filling rate 
e Duration of symptoms <9 months* 
Symptoms relieved by antimicrobial agents (antibiotics, 
urinary antiseptics), anticholinergics, or antispasmodics* 
Urinary tract or prostatic infection in the past 3 months* 
Active genital herpes 
Vaginitis* 
Uterine, cervical, vaginal, or urethral cancer within the 
past 5 years* 
Bladder or ureteral calculi* 
e Urethral diverticulum* 
e History of cyclophosphamide or chemical cystitis or tuber- 

culosis or radiation cystitis 
e Benign or malignant bladder tumors 


Note: These are the original criteria and are changing. 

* Relative exclusion criteria. 

Gillenwater JY, Wein AJ. Summary of the National Institute of Arthritis, Diabetes, 
Digestive and Kidney Diseases workshop on interstitial cystitis, National 
Institutes of Health, Bethesda, Maryland, August 28-29, 1987. | Urol. 
1988;140:203. 


for IC (Box 36.1). The National Interstitial Cystitis Data- 
base (NICDB), a cooperative multicenter longitudinal 
observation study group established in 1991, was sponsored 
to study the natural history of the disease and was based on 
a large population with symptoms consistent with IC. In 
1999, the NICDB reported that the NIH guidelines were 
too restrictive to be used by clinicians. If the initial criteria 
were used, up to 60% of symptomatic women would not be 
diagnosed. 

In 2002, the ICS focused on bladder pain and intro- 
duced the term painful bladder syndrome (PBS). Defined 


1 jn the same session as the cystoscopy above if possible 


BPS, bladder pain syndrome; ESSIC, European Society for the Study of Inter- 
stitial Cystitis; IC, Interstitial cystitis. 

From van de Merwe JP, Nordling J, Bouchelouche P, Bouchelouche K, Cervigni M, 
et al. Diagnostic criteria, classification, and nomenclature for painful bladder 
syndrome/interstitial cystitis: an ESSIC proposal. Eur Urol. 2008;53:60, with 
permission. 


as the complaint of suprapubic pain related to bladder filling 
accompanied by other symptoms, such as increased daytime 
and nighttime frequency, in the absence of proven urinary 
infection or other obvious pathology. The ICS believes this 
to be a preferable term to “interstitial cystitis.” Interstitial 
cystitis is a specific diagnosis and requires confirmation by 
typical cystoscopic and histological features (Abrams et al., 
2002). Further study with this new terminology suggested 
a decreased sensitivity for diagnosis (Warren et al., 2006). 
In 2008, the European Society for the Study of Inter- 
stitial Cystitis (ESSIC) reached a consensus to rename IC 
and PBS to bladder pain syndrome (BPS) (van de Merwe 
et al., 2008). BPS would be diagnosed on the basis of 
chronic pelvic pain, pressure, or discomfort perceived to be 
related to the urinary bladder accompanied by at least one 
other urinary symptom, such as persistent urge to void or 
urinary frequency for greater than 6 months. Classification 
of BPS types might be performed according to findings at 
cystoscopy with hydrodistention and morphologic findings 
in bladder biopsies (Box 36.2). Confusable diseases as the 
cause of the symptoms must be excluded. The presence of 
other organ symptoms, as well as cognitive, behavioral, emo- 
tional, and sexual symptoms, should be addressed (Table 
36.1) (van de Merwe et al., 2008). The theory behind the 
name change theorizes that IC reflects more on bladder 
symptoms and inflammation, whereas BPS falls under the 
taxonomic umbrella of chronic pelvic pain syndrome, which 
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Table 36.1 Confusable Diseases for Bladder Pain Syndrome 


Confusable Disease 


Carcinoma and carcinoma in situ 
Infection with 
Common intestinal bacteria 
Chlamydia trachomatis, Ureaplasma urealyticum, 
Mycoplasma hominis, Mycoplasma genitalium, 
Corynebacterium urealyticum, Candida species 
Mycobacterium tuberculosis 
Herpes simplex and human papillomavirus 
Radiation 
Chemotherapy, including immunotherapy with cyclophosphamide 
Anti-inflammatory therapy with tiaprofenic acid 
Bladder-neck obstruction and neurogenic outlet obstruction 
Bladder stone 
Lower ureteric stone 


Urethral diverticulum 

Urogenital prolapse 

Endometriosis 

Vaginal candidiasis 

Cervical, uterine, and ovarian cancer 
Incomplete bladder emptying (retention) 
Overactive bladder 

Prostate cancer 

Benign prostatic obstruction 
Chronic bacterial prostatitis 

Chronic nonbacterial prostatitis 
Pudendal nerve entrapment 


Pelvic floor muscle-related pain 


Excluded or Diagnosed by 
Cystoscopy and biopsy 


Routine bacterial culture 
Special cultures 


Dipstick, if sterile pyuria, culture for M. tuberculosis 

Physical examination, culture 

Medical history 

Medical history 

Medical history 

Uroflowmetry and ultrasound 

Imaging or cystoscopy 

Medical history and/or hematuria: upper urinary tract imaging 
such as CT or IVP 

Medical history, physical examination, MRI 

Medical history, physical examination 

Medical history, physical examination 

Medical history, physical examination 

Physical examination, biopsies 

Postvoid residual urine volume measured by ultrasound scanning 

Medical history and urodynamics 

Physical examination, PSA 

Uroflowmetry, pressure-flow studies 

Medical history, physical examination, culture 

Medical history, physical examination, culture 

Medical history, physical examination, nerve block may help 
prove diagnosis 

Medical history, physical examination 


CT, computed tomography; IVP, intravenous pyelogram; MRI, magnetic resonance imaging; PSA, prostate-specific antigen. 
The diagnosis of a confusable disease does not necessarily exclude a diagnosis of bladder pain syndrome. 
Modified from van de Merwe JP, et al. Diagnostic criteria, classification and nomenclature for painful bladder syndrome/intestinal cystitis: an ESSIC proposal. 


Eur Urol. 2008;53:60. 


follows the 2007 Guidelines on Chronic Pelvic Pain issued 
by the European Association of Urology (Fall et al., 2004). 

The definition widely used in a clinical setting is that 
put forth by the Society for Urodynamics and Female Urol- 
ogy: “An unpleasant sensation (pain, pressure, discomfort) 
perceived to be related to the urinary bladder, associated 
with lower urinary tract symptoms of more than six weeks 
duration, in the absence of infection or other identifiable 
causes” (Hanno and Dmochowski, 2009). This definition is 
preferred because it allows treatment to begin after a rela- 
tively short symptomatic period, minimizing the delay in 
initiation of treatment, which could occur with definitions 
that require longer symptom duration (i.e. 6 months). Defi- 
nitions used in research or clinical trials should be avoided 
in clinical practice; many patients may be misdiagnosed or 
have delays in diagnosis and treatment if these criteria are 
used. 


Epidemiology 


Skene first suggested the term “interstitial cystitis” in 1887. 
In 1907, Nitze described a painful bladder condition asso- 
ciated with urinary frequency and bladder ulcerations. In 
1915, Hunner reported the classic ulcer associated with a 
contracted fibrotic bladder, mucosal congestion adjacent to 
the ulcers, and hemorrhage after bladder hydrodistention. 
Although IC was described early in the century, it was not 
until the 1970s that epidemiologic studies were done to 
evaluate and characterize this disease. 


The prevalence of IC/BPS was generally estimated to be 
lower than 0.1%, the diagnostic criteria used previously have 
been found to be overly rigorous. Currently, the prevalence 
of IC/BPS is known to be higher than 0.1%, ranging between 
0.45% (Leppilahti et al., 2002) and 12.6% (Rosenberg and 
Hazzard, 2005) depending on methodological factors, 
including the index or scale used for diagnosis. The preva- 
lence of IC/BPS also has been reported to be twice as high 
in women as men in past studies (Rosenberg et al., 2007). 


Etiology 


The etiology of IC is currently unknown. Most authors 
believe it is multifactorial. Currently proposed causes 
include infectious agents, quantitative glycosaminoglycan 
(GAG) layer deficiency, ultrastructural abnormality of the 
lamina propria or interstitium of the bladder, mast cells, and 
neurogenic inflammation. The development and complete 
characterization of a promising urinary marker, antiprolif- 
erative factor may aid in our understanding of the etiology, 
diagnosis, and management of IC. 


Infectious Agents 


Extensive efforts have been made, with limited success, 
to establish an infectious agent as the cause of IC. Hunner 
(1915) first suggested a hematogenously disseminated bac- 
terial cystitis as the cause. Most patients with IC report a 
history of UTI and have received several courses of antibiot- 
ics based on their symptoms, not on positive urine cultures. 
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To date, no single bacterium, virus, fungus, or fastidious 
microorganism has been isolated as an etiologic factor in IC. 

Some authors believe that a low bacterial count, bacte- 
rial antigens, or byproducts, such as endotoxins or P-fim- 
briae, may be involved. These substances can activate an 
autoimmune response or cause sensory nerve stimulation, 
thus activating the neurogenic inflammation model of IC. 
DNA sequencing of bladder biopsies searching for bacteria 
or their byproducts has demonstrated controversial results. 


Gag Layer Deficiency 


The concept of a defective urothelium resulting from a 
quantitative deficiency of its surface coat of GAGs, and 
thereby allowing access of a toxic urothelial substance into 
the interstitium of the bladder, was once the leading theory 
of the pathogenesis of IC. Current research is focusing on 
biochemical and ultrastructural studies of the surface layer 
of urothelium, of the umbrella cells, and intra-adhesion 
molecules. This may provide a more comprehensive under- 
standing of the pathogenesis of IC. 


Ultrastructural Abnormalities 


Ultrastructural studies of bladder biopsy specimens after 
hydrodistention have revealed several distinct features. 
Abnormalities are observed in all tissue components of the 
bladder wall, including tissue cells, interstitial tissue, blood 
vessels, and intrinsic nerves. These features include urothe- 
lium with disrupted permeability barrier and accelerated 
turnover, abnormal profiles of detrusor muscle cells, and 
damage of intrinsic nerves and blood vessel walls. Signifi- 
cant fluid engorgement, with diffuse or loculated edema of 
tissue cells and extracellular tissue, is also seen. Lympho- 
cytes are the predominant component, distributed unevenly 
throughout the tissue. Activated mast cells are readily iden- 
tified adjacent to intrinsic nerves, but they are less com- 
monly seen near blood vessels and in the suburothelium. 
These distinctive features are most prominent and exten- 
sive in biopsies from areas of glomerulations (submucosal 
hemorrhages) after diagnostic hydrodistention. These fea- 
tures, although recognizable, are less dramatic in severity 
and extent of distribution in biopsies from cystoscopically 
normal-appearing areas of the bladder lining. Further 
research has identified that urine from IC patients has a 
decreased level of heparin-binding epidermal growth-like 
factor (HB-EGF) and an increase in a putative antiprolif- 
erative factor. HB-EGF has been shown to increase toward 
normal values with hydrodistention. Antiproliferative factor 
and HB-EGF normalize after sacral neuromodulation. The 
abnormality in epithelial permeability/transitional dysfunc- 
tion led to the development of the potassium sensitivity test. 


Mast Cells 


Mast cells examined ultrastructurally in IC are intimately 
associated with nerve fibers and terminals in the suburothe- 
lium and are found in the interstitium of the detrusor, often 
next to nerves and blood vessels. Mast cells are essential 
for the development of allergic hypersensitivity reactions. 
Their activation and subsequent degranulation trigger the 
secretion of many biologically active chemicals. These sub- 
stances include histamine, serotonin, cytokines, neuropep- 
tides (substance P), and vasoactive intestinal peptide. These 
mediators, especially histamine, play a role in stimulating 


reactions, such as vasodilation, leukocyte infiltration, and 
angiogenesis. 

An elevated mast cell count in the bladder muscularis 
has been promoted as a diagnostic histopathologic feature 
of IC, and detrusor mastocytosis has been advocated as a 
more appropriate name for IC. Different values for mast 
cell counts in the detrusor layer have been proposed as 
a diagnostic marker. These values and their validity are 
debated. Detrusor mastocytosis has been found in 20% to 
65% of patients with IC; patients with classic ulcer-type or 
late-stage IC have demonstrated an even higher percentage. 
Recently, investigators have attempted to compare the ratio 
of detrusor to mucosal mast cells and the relationship of 
nerve fibers to mast cells. The ultrastructure of the mast 
cell, demonstrated by electron microscopy, has shown the 
proximity of nerves and activated mast cells. Researchers 
are investigating mast cell activation and the subsequent 
mediator release as an origin of some of the symptoms 
and cystoscopic findings seen with IC. Current research 
involving the role of mast cells in IC has brought forth 
three findings: (1) the intimate association and interaction 
of mast cells with intrinsic nerves in the bladder wall; (2) 
the unlikeliness, if not incompatibility, of an immunologic 
pathogenetic mechanism of immunoglobulin E-mediated 
immediate hypersensitivity; and (3) the relationship of 
stress and female hormones to IC. 


Neurogenic Inflammation 


Neurogenic inflammation may provide the nidus for induc- 
tion, establishment, and chronicity of the various tissue 
changes seen in IC. Other conditions in which neurogenic 
inflammation may be implicated include irritable bowel 
syndrome, vulvodynia, migraines, fibromyalgia, and mul- 
tiple sclerosis. Mast cells are located in close proximity to 
the peripheral and central nervous systems. In addition, an 
intimate association between mast cells and sensory nerve 
fibers has been demonstrated in the integumentary, pulmo- 
nary, and gastrointestinal systems. 

Excitation of sensory nerves, especially small pain 
C-fibers, triggers an inflammatory process through release 
of neuropeptides (substance P) and calcitonin gene-related 
peptide. Substance P causes vasodilation and increased 
vasopermeability and activates mast cells, causing injury 
with increased permeability of epithelial surfaces. Mul- 
tiple events or factors trigger neurogenic inflammation. 
These include (1) bacterial cystitis or the antigen from the 
organism; (2) an increased level of estrogen; (3) toxins of 
endogenous and exogenous origin, including drugs, their 
metabolites, and certain foods; and (4) a potent mediator, 
such as the histamine released by activated mast cells. As 
our understanding of neurogenic inflammation and the role 
of mast cell activation progresses (Fig. 36.2), the diagnosis 
and treatment of IC will evolve. 


Diagnosis 


IC/BPS is a diagnosis of exclusion. The American Urologic 
Association established an evidence-based clinical frame- 
work for diagnosis and overall management of IC/BPS (Fig. 
36.3) (Hanno et al., 2011). The guidelines state that insuf- 
ficient literature was identified to constitute an evidence 
base for diagnosis of IC/BPS in clinical practice. For this 
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FIGURE 36.2 Pathogenesis of interstitial cystitis. 
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reason, diagnosis statements are based on clinical principles 
or expert opinion. 


History 


The basic assessment should include a careful history, physi- 
cal examination, and laboratory examination to document 
symptoms and signs that characterize IC/BPS and exclude 
other disorders commonly associated with IC/BPS in the 
differential diagnosis (Hanno et al., 2011). Patients can- 
not have evidence of cystitis caused by infection, use of 
cyclophosphamide or other chemical agents, radiation, or 
tuberculosis. Other infections, such as vaginitis, urethritis, 
urethral ureaplasma, or genital herpes, cannot be present. 
Also, urethral diverticulum, bladder carcinoma, and carci- 
noma in situ must be excluded. The basic laboratory testing 
includes a urinalysis and urine culture. If the patient reports 
a history of smoking and/or presents with unevaluated 
microhematuria, then urine cytology may be considered 
given the risk of bladder cancer. Urine culture may be indi- 
cated even in patients with a negative urinalysis in order to 
detect lower levels of bacteria that are clinically significant 
but not readily identifiable with a dipstick or on microscopic 
examination. The potassium sensitivity test has neither the 
specificity nor sensitivity to change clinical decision-making 
and is not recommended. 

Baseline voiding symptoms and pain levels should be 
obtained in order to measure subsequent treatment effects. 
All patients should be asked to do a voiding diary (see Fig. 
17-1) and fill out the O’Leary-Sant symptom and problem 
index (Fig. 36.4). The validated pelvic pain urgency and fre- 
quency questionnaire may also be used. 

A medical history should include associated diseases, 
such as migraines, fibromyalgia, sinusitis, drug hypersensi- 
tivity, sicca syndrome (dry eyes, dry mouth), Sjégren’s syn- 
drome, vulvodynia, and irritable bowel syndrome. 


Physical Examination 


The abdominal and back examinations detect the presence 
of costovertebral tenderness and abdominal tenderness 
or mass. The external genitalia are examined for signs of 
infection and vulvar vestibulitis (tenderness over the vul- 
var vestibular or Bartholin’s glands). The pelvic examina- 
tion includes a vaginal and urethral culture, if appropriate, 


evaluation for signs of atrophic vaginitis or a urethral 
caruncle, and a Papanicolaou smear if indicated. Careful 
palpation and perineometry may help evaluate the pelvic 
floor muscles to rule out pelvic floor dysfunction (the inabil- 
ity to optimally contract and relax the pelvic floor muscles). 
Evaluation of bladder and pelvic organ support is done in 
the dorsal lithotomy and standing positions to determine 
and grade bladder neck hypermobility, cystocele, entero- 
cele, uterine prolapse, rectocele, and perineal descent. The 
posterior bladder wall and urethra should be palpated to 
check for tenderness and masses, and a bimanual exami- 
nation should be performed to detect pelvic or adnexal 
masses and tender nodules. A rectovaginal examination is 
performed to evaluate tenderness along the uterosacral liga- 
ments. Finally, a neurourologic examination ascertains the 
presence of the bulbocavernosus reflex and grades perineal 
sensation and anal sphincter strength. 


Laboratory and Radiographic Evaluation 


Initial laboratory examination should include urinalysis, 
urine culture and sensitivity, and measurement of postvoid 
residual urine volume (catheterized or with bladder ultra- 
sound). Urine cytology is indicated in the presence of hema- 
turia and persistent urgency. A 24-h voiding diary measures 
input and output, number and quantity of voids, and num- 
ber and severity of leakage episodes. A renal ultrasound, 
intravenous pyelogram (IVP), or computed tomography 
(CT) scan is indicated in the presence of hematuria, history 
of recurrent UTI, or history of pelvic surgery. A voiding cys- 
tourethrogram is useful in ruling out vesicoureteral reflux 
and evaluating the bladder neck in patients with concomi- 
tant incontinence or suburethral diverticulum. Magnetic 
resonance imaging (MRI) may further delineate the urethra 
when evaluating for a urethral diverticulum. Awake cystos- 
copy is indicated in the presence of hematuria, persistent or 
recurrent UTI, or suspected fistula or urethral diverticulum. 


Diagnostic Cystoscopy 


Cystoscopy should be considered when the diagnosis is in 
doubt; it is not necessary for making the diagnosis in uncom- 
plicated presentations. There are no agreed upon cysto- 
scopic findings diagnostic for IC/BPS. The only consistent 
cystoscopic finding that leads to a diagnosis of IC/BPS is 
one or more inflammatory appearing lesions or ulcerations 
(as initially described by Hunner). The classic Hunner ulcer, 
an area of erythema with small vessels radiating to a central, 
pale scar after bladder filling, is found in only 8% of patients 
with IC. 

Glomerulations (pinpoint petechial hemorrhages) may 
be detected on cystoscopy and can be consistent with IC/ 
BPS but these lesions are commonly seen in other condi- 
tions that may coexist with or be misdiagnosed as IC/BPS, 
such as chronic undifferentiated pelvic pain or endometrio- 
sis. Glomerulations also may be present in asymptomatic 
patients undergoing cystoscopy for other conditions. 


Urodynamic Tests 


Urodynamic evaluations are performed on_ patients 
with hypersensitivity symptoms to evaluate the follow- 
ing features: volume at first sensation of bladder filling, 
first desire to void, strong desire to void, increased blad- 
der sensation, maximum cystometric capacity, detrusor 
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IC/BPS: An unpleasant sensation 
(pain, pressure, discomfort) 
perceived to be related to the urinary 
bladder, associated with lower 
urinary tract symptoms of more than 
six weeks duration, in the absence of 
infection of other identifiable causes 


Dx urinary 
tract infection 


Basic assessment 


History 

F requency/volume chart 
P ostvoid residual 
Physical examination 
Urinalysis, culture 
Cytology if smoking hx 
Symptom questionnaire 
Pain evaluation 


i Signs/symptoms i 
of complicated 
IC/BPS 


First-line treatments 


Clinical management principles 


The evidence supporting the use of neuromodulation, cyclosporine A, and BTX for 
IC/BPS is limited by many factors including study quality, small sample sizes, and 
lack of durable follow up. None of these therapies have been approved by the U.S. 
Food and Drug Administration for this indication. The panel believes that none of 


these interventions can be recommended for generalized use for this disorder, but 
rather should be limited to practitioners with experience managing this syndrome 
and willingness to provide long term care of these patients post-intervention. 


Consider : 


- Urine cytology 

- Imaging 

- Cystoscopy 

- Urodynamics 

- Laparoscopy 

- Specialist referral 
(urologic or non- 
urologic as 
appropriate) 


Incontinence/OAB 
GI signs/symptoms 
Microscopic/gross 
hematuria/sterile 
pyuria 
Gynecologic signs/ 
symptoms 


General relaxation/ 
stress management 

Pain management 

Patient education 

S elf-care/behavioral 


modification if detected) 


- Initial treatment level depends on 


- Treatments are ordered from most to 
least conservative; surgical treatment 
is appropriate only after other treatment 
options have been found to be ineffective 
(except for treatment of Hunner lesions 


Treat as 
Indicated 


symptom severity, clinician judgment, 
and patient preferences 


Second-line treatments 


Appropriate manual physical 
therapy techniques 

Oral: amitriptyline, cimetidine, 
hydroxyzine, PPS 

Intravesical: DMSO, heparin, 
lidocaine 

Pain management 


and side effects 


time-frame 


Third-line treatments 


Cytoscopy under anesthesia 
with hydrodistension 
Pain management 
: Tx of Hunner lesions if 
Research trials_ found 
Patient enrollment as 


appropriate at any point 


in treatment process 


- Diagnosis should be reconsidered if no 
improvement within clinically-meaningful 


= Fourth-line treatments 


- Multiple, simultaneous treatments may be 
considered if in best interests of patient 

- Ineffective treatments should be stopped 

- Pain management should be considered 
throughout course of therapy with goal of 
maximizing function and minimizing pain 


Sixth-line treatments 


Diversion with or without 
cystectomy 

Pain management 

Substitution cystoplasty 


Note: For patients with 
endstage structurally small 
bladders, diversion is indicated 
at any time clinician and 
patient believe appropriate 


F ifth-line treatments 


o> Cyclosporine A 
Intradetrusor BTX 
Pain management 


Neuromodulation 


Pain management 


FIGURE 36.3 American Urologic Association Guidelines for the Diagnosis and Treatment of Interstitial Cystitis/Bladder Pain Syndrome. 
(From Hanno PM, Burks DA, Clemens JQ, et al. AUA guideline for the diagnosis and treatment of interstitial cystitis/bladder pain syndrome. | Urol. 


2011;185:2162, with permission.) 


compliance, the presence or absence of detrusor overac- 
tivity, and reproduction of bladder pain and/or patients’ 
symptoms. Patients with IC often have symptoms sugges- 
tive of an overactive bladder. The ICS refers to the term 
“overactive bladder” as a storage phase disease diagnosed 
by clinical symptoms. Detrusor overactivity is a urody- 
namic observation characterized by involuntary detru- 
sor contractions during the filling phase that may occur 


spontaneously or may be provoked. Patients with hyper- 
sensitivity disorders often demonstrate increased blad- 
der sensation and bladder pain during filling cystometry. 
Increased bladder sensation is a urodynamic observation 
during filling cystometry and is defined as an early first 
sensation of bladder filling (or an early desire to void) 
and/or an early strong desire to void, which occurs at low 
bladder volume and persists. 


RT 7 Painful and Irritative Voiding Disorders 


Check the one best answer for each question. 


1. During the past month, how often have you felt the strong need to urinate with little or no warning? 


Score 
] Notatall 0] 
] Less than 1 time in 5 1] 
] Less than half the time 2] 


2. During the past month, have you had to urinate less than 2 hours after you finished urinating? 


Score 
] Notatall 0] 
] Less than 1 time in 5 1] 
] Less than half the time 2] 


3. During the past month, how often each night did you most typically get up at night to urinate? 


Score 
] None 0] 
] Once per night 1] 
] 2times per night 2] 


4. During the past month, have you experienced pain or burning in your bladder? 


Score 
] Notatall 0] 
] A few times 1] 
] Fairly often 2] 


Interstitial Cystitis Problem Index (ICP I) 


During the past month, how much has each of the following been a problem for you? 


1. Frequent urination during the day? 


Score 
] No problem 0] 
] Very small problem 1] 
] Small problem 2] 
2. Getting up at night to urinate? 
Score 
] No problem 0] 
] Very small problem 1] 
] Small problem 2] 
3. Need to urinate with little warning? 
Score 
] No problem 0] 
] Very small problem 1] 
] Small problem 2] 
4. Burning, pain, discomfort, or pressure in your bladder? 
Score 
] No problem 0] 
] Very small problem 1] 
] Small problem 2] 


(Patients without IC will score less than 6 on either index.) 


Score 

] About half the time 3] 

] More than half the time 4] 

] Almost always 5] 
Score 

] About half the time 3] 

] More than half the time 4] 

] Almost always 5] 
Score 

] 3 times per night 3] 

] 4times per night 4] 

] 5 or more times per night 5] 
Score 

] Usually 3] 

] Almost always 4] 
Score 

[ ] Medium problem [3] 

[ ] Big problem [4] 
Score 

[ ] Medium problem [3] 

[ ] Big problem [4] 
Score 

[ ] Medium problem [3] 

[ ] Big problem [4] 
Score 

[ ] Medium problem [3] 

[ ] Big problem [4] 


FIGURE 36.4 O'Leary-Sant Interstitial Cystitis Symptom Index. 


Jarvis (1982) defined sensory urgency as an abnormal 
first sensation on bladder filling <75 mL and a bladder 
capacity <400 mL in the absence of involuntary blad- 
der contractions. Normal first sensation of filling occurs 
between 50 and 150 mL, with a first urge to void between 
200 and 500 mL and a maximum capacity between 400 
and 700 mL. Kirkemo et al. (1997) found that patients 
enrolled in the NICDB had a correlation between reported 


daytime, nighttime, and 24-h frequency and both volume 
at first sensation to void (VFSV) and volume at maximum 
cystometric capacity (VMCC). VFSV decreased as awake 
frequency increased. Patients who voided equal to 5 times 
during awake hours had a mean VFSV of 114 + 81 mL ver- 
sus 74 + 61 mL for those voiding >15 times. Similarly, this 
was seen with VMCC with mean volumes of 244 + 149 mL 
versus 184 + 114 mL, respectively, for those voiding equal 
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to 5 times and those voiding >15 times. This same trend 
was seen with nocturia and 24-h voiding frequency. Patients 
with a 24-h voiding frequency of >15 times per day had a 
mean VFSV of 70 + 59 mL anda VMCC of 190 + 112 mL. 

In addition to comparing a patient’s symptoms to urody- 
namic findings, a correlation has been made between uro- 
dynamic findings and cystoscopic findings, and a patient’s 
severity of disease. Most authors have noted a decrease in 
VFSV and VMCC. Nigro et al. (1997) compared the find- 
ings of 150 women involved in the NICDB who underwent 
cystoscopy, bladder overdistention, and urodynamics. The 
mean VFSV was 81 + 64 mL, and a mean VMCC was 
198 + 107 mL. Many authors feel that patients with a 
Hunner ulcer have a more severe form of IC. The NICDB 
noted that patients with a Hunner ulcer had a mean VFSV 
of 34.7 + 20.5 mL. This was statistically lower than the 
VFSV of patients without a Hunner ulcer. None of the uro- 
dynamic criteria were statistically significant when related 
to the presence or absence of bloody effluent, presence and 
degree of glomerulations, presence of involuntary bladder 
contractions, or end-filling pressures. Twenty-six patients 
(17.5%) in this study had involuntary bladder contractions. 
Other studies have found that 5% to 26% of patients with 
the symptom complex of IC had involuntary bladder con- 
tractions. The original exclusion criteria for IC included 
involuntary bladder contractions; this is now a debatable 
issue. Currently, there are no agreed upon urodynamic diag- 
nostic criteria for IC/BPS. Urodynamic evaluation may pro- 
vide information regarding concomitant lower urinary tract 
symptoms. Patients with the symptom complex of a hyper- 
sensitive lower urinary tract tend to have an early first sen- 
sation of bladder filling, a decreased VFSV, and a decreased 
VMCC during urodynamic studies. 


Management of Interstitial 
Cystitis/Bladder Pain Syndrome 


After the exclusion of all other diagnoses (Table 36.1), PBS 
can be managed successfully in over 85% of patients by 
using a combination of anecdotal and conventional modali- 
ties. A multidisciplinary approach and patient self-care regi- 
mens are most successful. 

First-line treatments should promote IC/BPS education, 
bladder retraining, relieve irritative voiding symptoms, pel- 
vic floor relaxation, and stress reduction techniques. The 
patient should avoid certain comestibles, foods or beverages, 
known to be common bladder irritants for IC/BPS patients, 
such as coffee or citrus products. The patient can use an 
elimination diet to determine which foods or fluids may 
contribute to symptoms. Initiate a trial of over-the-counter 
products, such as quercetin, calcium glycerophosphates, 
and pyridium. A low-potassium, low-acid diet (Box 36.3) 
and an acid neutralizer, calcium glycerophosphate (Prelief), 
may decrease symptoms in 40% to 65% of patients (Table 
36.2). Learning how to keep a voiding diary, with empha- 
sis on the time and amount of fluid intake, amount and 
time between voids, and comments about exacerbation of 
symptoms with food and fluid intake and activity, aids in 
formulating intake and voiding schedules in a 24-h period. 
Adequate hydration with frequent sips of water during wak- 
ing hours aids in urinary dilution. Voiding on a regular sched- 
ule can significantly decrease leakage and pain. For example, 


Alcoholic beverages* 

Apples 

Apple juice 

Cantaloupe 

Carbonated beverages* 

Chili and other spicy foods 

Citrus fruits, including lem- 
ons, limes, oranges, and 


Vinegar and other 
condiments* 

Avocado 

Bananas 

Cheeses, particularly hard 
and soft brie-type cheeses* 

Chocolate (may use white 
chocolate)* 


grapefruit* Corned beef 


Coffee (may use decaf or Beans 

Kava)* Nuts 
Cranberries Prunes and raisins 
Grapes Rye bread 
Peaches Yogurt and sour cream 
Pineapple* Aspartame and saccharin* 
Plums Onions* 
Berries* Pepper* 
lear Vitamins buffered with 
Herbal tea aspartame 
Tomatoes* 


*Foods to be avoided by patients with IC and vulvodynia. 

Nonasterisk entries may be ingested in moderation only. 

Asterisk entries should be avoided altogether when possible. 

The acid-restricted diet is most effective when 64 oz of water is ingested daily 
and urine is alkalinized. 


Table 36.2 Food Sensitivity in Interstitial Cystitis 


Patients 


Exacerbation Worst Dietary 

Diet N (%) Symptoms (h) Quantity 
Pizza 91 (45.5) 0-4 1-2 slices 
Tomato I251(625) 0-2 1 serving 
Spicy foods MESS) 0-2 1 serving 
Coffee 119 (59.5) 0-2 1 cup 
Acidic juice 125 (62.5) 0-2 1 serving 

or fruit or glass 
Carbonated 114 (57.0) 0-2 1 glass 

drink 
Alcohol 106 (53.0) 0-2 1 glass 
Chocolate 82 (41.0) 0-2 1 piece 


*Reflects the results of a survey of 200 patients with the symptom com- 
plex of interstitial cystitis. Patients were asked a series of questions re- 
garding foods and events that exacerbate their symptoms. This table 
demonstrates the type of foods that most commonly exacerbated 
the patients’ symptoms, the time to exacerbation, and the amount of 
food required for exacerbation. 


voiding every 2 h is recommended if pain or leakage occurs 
at intervals greater than every 2 h on the voiding diary. On 
the other hand, if the patient is a frequent voider, bladder 
holding to increase the voiding interval by 10 to 15 min per 
week over a 3-month period can significantly decrease fre- 
quency, especially if pain is controlled. 

Physical therapy can be effective for genitourinary and 
anorectal functional and pain disorders. Biofeedback and 
soft tissue massage may stimulate the relaxation of the pel- 
vic floor muscles. 

Complementary medicine, although not well studied, has 
been effective in the treatment of IC. Acupuncture reduced 
pain by at least 50% in more than 60% of patients after an 
average of 12 treatments. Anecdotally, herbal therapy may 


Painful and Irritative Voiding Disorders 


be useful in up to 75% of patients. Nutritional supplements 
may be useful in boosting the immune system in patients 
with long-standing disease. 

Second-line treatments should be introduced as needed. 
These therapies are considered second line because they 
are associated with minor adverse events, and efficacy for 
an individual is unpredictable. Pentosan polysulfate (PPS; 
Elmiron) is a synthetic sulfated polysaccharide with prop- 
erties of sulfated GAGs and an affinity for mucosal mem- 
branes. Its use is based on the concept of stabilizing urothelial 
permeability (the GAG layer) to prevent irritating solutes 
in the urine from reaching the bladder interstitium. Elmiron 
is excreted in the urine and attempts to correct the perme- 
ability defect in the GAG layer. A randomized clinical trial 
noted a 38% improvement in symptoms (predominantly 
pain) compared with an 18% response in the placebo group 
during a 3-month treatment period. A subsequent review of 
the long-term therapy (up to 3 years) with Elmiron showed 
that patients had a 42% to 62% improvement in their over- 
all symptoms (pain and urgency). This study also demon- 
strated that the medication is safe and effective for 3 years. 
The IC Clinical Trials Group (NIH sponsored) found no 
clinical benefit of PPS versus placebo in a randomized pilot 
study. Side effects occur in <5% of patients and include 
alopecia, diarrhea, nausea, and headache. Elmiron should be 
taken for 6 months or longer to achieve effectiveness. 

Most patients with IC suffer from anger, anxiety, depres- 
sion, or fatigue caused by the lack of sleep and chronic pain. 
Tricyclic antidepressants work as central and peripheral 
anticholinergic agents that block the reuptake of serotonin 
and norepinephrine, and they have antihistaminic proper- 
ties. Amitriptyline is usually started at a low dosage, 10 to 
25 mg before bedtime and titrated up to 75 mg and taken 
1 h before bedtime (patients should be advised that they will 
feel tired for 12 h after taking the medication). Substitutes 
may be given, if side effects are unacceptable. They include 
doxepin hydrochloride, 10 to 75 mg at 1 h before bedtime, 
paroxetine hydrochloride (Paxil) 10 to 20 mg before bed- 
time, or fluoxetine hydrochloride (Prozac) 20 mg a day. 

Hydroxyzine has been shown to provide symptom- 
atic relief, especially in patients with a history of allergies 
or biopsy-proven mast cell activation. In a study of 90 
patients, 40% were noted to have a reduction in symptom 
scores using hydroxyzine up to 75 mg per day. The reason 
that hydroxyzine is effective is not completely understood; 
theories include stabilization of mast cells, anticholinergic 
properties, and a sedative effect. 

After appropriate functional assessment, anti-inflamma- 
tory agents, opioids, anticonvulsants, or muscle relaxants 
may be administered and titrated often in coordination with 
a pain specialist. 

Bladder instillations (Table 36.3) are reserved for 
patients who are not responding to oral therapy and for 
those who are doing well on oral therapy and have a flare 
in their symptoms. A common instillation mixture includes 
50 mL dimethyl sulfoxide (DMSO), 10,000 units heparin, 
10 mg triamcinolone, and 44 mEq NaHCO; instilled once 
a week for 6 weeks. Around 80% improvement has been 
reported in case series and retrospective studies. The phar- 
macologic properties of DMSO include anti-inflammatory 
and analgesic effects, collagen dissolution, muscle relax- 
ation, and mast cell histamine release. Heparin is a GAG 


Table 36.3 Grade of Recommendation 


for Intravesical Therapy Based on Assessment 
According to the Oxford System 


Intravesical Agent Grade of Recommendation 


DMSO B 
Heparin C 
Hyaluronic acid D 
BCG A (ineffective) 
Resiniferatoxin A (ineffective) 
Pentosan polysulphate D 
Lidocaine C 
Oxybutinin D 
D 


Botulinum toxin 


BCG, Bacillus Calmette-Guérin; DMSO, dimethyl sulfoxide. 

Grade explanation: (A) clinical studies of good quality and consistency 
that include at least one randomized trial; (B) well-conducted clinical 
studies without randomized trials; (C) absence of directly applicable 
clinical studies of good quality; (D) evidence level 3 or 4, or extrapo- 
lated evidence from studies rated as 2+, or formal consensus. 

From Vij M, Srikrishna S, Cardozo L. Interstitial cystitis: diagnosis and man- 
agement. Eur J Obstet Gynecol Reprod Biol. 2012;161:1. 


that is thought to mimic the activity of the bladder’s muco- 
polysaccharide lining. An improvement in symptoms for up 
to 6 months has been achieved using the DMSO cocktail 
in 78% of patients receiving six weekly treatments. Intra- 
vesical heparin (20,000 units in 10 mL of sterile water), 
self-administered daily for 4 to 12 months, has resulted in 
a 60% or better response rate. A combination of 0.5% bupi- 
vacaine, heparin, hydrocortisone, NaHCO;, and gentamicin 
(pH 6.5), given to patients with IC and a history of recur- 
rent UTI, resulted in an improvement in 78% of patients 
that lasted up to 6 months. 

Intravesical hyaluronic acid, a GAG, showed a 71% 
response rate that was sustained for up to 6 months. Two 
randomized controlled trials, however, showed no clinical 
benefit. Bacillus Calmette-Guérin (BCG), an immunogenic 
agent, is used to treat superficial transitional cell carcinoma 
of the bladder. Preliminary studies in patients with IC 
showed a response rate of 60% (compared to a 27% placebo 
response rate) that lasted for 27 months (Vij et al., 2012). 
Response rates turned out to be low, suggesting that the 
clinical utility would be low (Propert et al., 2008). Resin- 
iferatoxin, a vanilloid receptor agonist, recently showed no 
significant benefit over controls in a randomized controlled 
trial. 

Third-line treatments include cystoscopy with hydro- 
distention of the bladder, traditionally performed with the 
patient under general or regional anesthesia. Our experience 
has been that intravenous sedation, bupivacaine hydrochlo- 
ride (Marcaine) bladder instillation, and pudendal nerve 
block are effective diagnostic and therapeutic alternatives 
with minimal morbidity and increased postoperative patient 
satisfaction. Cystoscopy is performed to eliminate other 
causes of persistent patient symptoms and hematuria and 
to examine for typical findings of IC (Box 36.2). Previous 
biopsy sites and carcinoma in situ can be confused with 
ulcers. Before hydrodistention, an inclusive evaluation of 
the bladder is performed, and the degree of hypervascularity 
and linear scarring (mild, moderate, or severe) is assessed. 
Hydrodistention is performed by filling the bladder under 
gravity at 80 cm H2O with urethral compression for 2 to 
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7 min. The bladder is then drained, looking for a terminal 
bloody effluent, and the capacity is measured (>350 mL 
is defined as early stage IC and <350 mL as late stage IC). 
The average bladder capacity for patients with IC has been 
reported as 575 mL and as 1115 mL for patients without 
persistent irritative voiding symptoms. On redistention of 
the bladder, the presence and severity of glomerulations, 
strawberry-like petechial hemorrhages, are determined. Not 
all patients with significant symptoms have glomerulations 
or a reduced bladder capacity. Bladder biopsy is performed 
after hydrodistention to reduce the risk of perforation. The 
biopsy eliminates the presence of carcinoma in situ and 
infection, and it can quantitate the number of mast cells in 
the lamina propria and detrusor muscle. The staging of IC 
can be based on cystoscopic findings; the findings of glomer- 
ulations and a terminal bloody effluent suggesting the sever- 
ity of IC. A capacity below 350 mL or the presence of a 
Hunner ulcer confirms a diagnosis of late IC. Hunner ulcer 
can be cystoscopically fulgurated or chemodenervated with 
intravesical injection of triamcinolone, giving symptomatic 
relief (Payne et al., 2009; Cox et al., 2009). 

Recurrence of symptoms should prompt repeat cystos- 
copy to identify recurrent lesions as repeat fulguration/ 
chemodenervation can be performed. Concomitant lapa- 
roscopy may be performed when there is tenderness in the 
adnexa, a history of pelvic surgery, infertility, an abnormal 
pelvic ultrasound, suspected endometriosis, dysmenorrhea, 
or dyspareunia in the absence of vulvodynia. 


Sacral Neuromodulation 


Sacral neuromodulation has been demonstrated in prospec- 
tive studies to help decrease the symptoms associated with 
urgency-frequency syndrome and voiding disorders. Multi- 
ple small studies demonstrated that patients are achieving a 
significant reduction in their symptoms with S3 neuromod- 
ulation. Studies have demonstrated a 60% to 70% reduction 
in pain and lower urinary tract symptoms that is sustained 
in excess of 2 years (Zabihi et al., 2008). It is considered 
a fifth line of therapy along with oral cyclosporine A and 
intravesical injection of botulinum toxin. All three of the 
aforementioned treatments are limited by many factors, 
including study quality, small sample sizes, and lack of dura- 
ble follow-up. In addition, none these treatments are Food 
and Drug Administration-approved for IC/BPS treatment. 


Refractory Symptoms 


Patients with intractable pain, despite an adequate trial of 
conservative interventions, such as physical therapy, bio- 
feedback, and oral and intravesical therapies, may benefit 
from evaluation at a pain clinic. Pain diversion with the use 
of transcutaneous electrical stimulation may be helpful. 
Studies report a 26% improvement in pain symptoms for 
patients with nonulcer IC and a 54% improvement for ulcer 
IC patients. Epidural nerve blocks have been used in the 
management of chronic pain. Continued neurogenic inflam- 
mation of the bladder may lead to fibrosis and neurologic 
ischemia or reflex sympathetic dystrophy. Refractory IC 
pain may respond to a series of epidural nerve blocks. 
Peripheral denervation (cytolysis) and central denerva- 
tion (presacral neurectomy or rhizotomy) techniques were 


popular in the 1970s and 1980s. Unfortunately, the dura- 
tion of results was short, and complication rates were high. 

Surgery is considered a last resort for patients with IC. 
Neuromodulation may be the most appropriate step before 
invasive surgery. Less than 10% of patients are unrespon- 
sive to all other therapeutic modalities and undergo surgery. 
Augmentation cystoplasty, using the ileum, cecum, or colon 
with a supratrigonal cystectomy, was popularized in the early 
1980s. The fate of the augmented bowel remains undeter- 
mined. These patients can experience recurrent symptoms 
or pain, and self-catheterization (necessary in up to 80% of 
the patients) of the patient’s inflamed bladder and urethra 
may be painful. The bowel segment may develop mast cell 
infiltration and contraction. Therefore, the use of augmen- 
tation cystoplasty should be reserved for the rare IC patient 
with a small-capacity bladder and no pain. 

The currently accepted modality of surgical therapy is 
urinary diversion (ileal loop or conduit, continent diver- 
sion, or pouch), with or without cystectomy. Before urinary 
diversion is chosen as therapy for intractable pain, a psycho- 
logical evaluation is recommended. A differential epidural 
block may help distinguish between psychogenic, sympa- 
thetic, and somatic pain. Reported success rates of urinary 
diversion have been approximately 70%. The physician and 
patient choose between a continent diversion (pouch) or 
ileal loop (conduit). Several reports of recurrent symptoms 
(pouchitis) have led surgeons to recommend an ileal loop. 

Urinary diversion without cystectomy is particularly 
attractive in younger patients with the hope of finding a cure 
and possible undiversion. Morbidity from the in situ bladder 
has been reported in up to 80% of patients. These complica- 
tions include pyocystis (67%), hemorrhage (23%), severe pain 
(13%), and intractable spasm (17%). Many of these patients 
will require cystectomy. Our own experience has shown that 
patients with continent diversions experience significant 
pouch spasms. Total cystourethrectomy is indicated in patients 
with urethral pain to avoid persistent pain from the urethral 
remnant. Patients must be informed that their pelvic pain may 
persist with urinary diversion, with or without cystectomy. 


Multidisciplinary Approach to Treatment 


A multidisciplinary approach to treating patients with pain 
disorders of the lower urinary tract is comprehensive and 
cost-effective (Box 36.4). A pelvic floor team provides a 
detailed history, physical examination, and management, 


Urologist 

Urogynecologist 

Gastroenterologist 

Colorectal surgeon 

Rheumatologist or internist 

Nutritionist 

Psychologist (stress, behavioral, and sex therapy) 
Physical therapist (biofeedback) 
Neuropsychiatrist 

Chemical and invasive pain management specialist 
Acupuncture or herbal therapy specialist 


Voiding Disorders 


based on input from several specialties. The urologist, uro- 
gynecologist, or pelvic floor specialist initially evaluates the 
patient. A gastroenterologist or colorectal surgeon is help- 
ful because many patients have irritable bowel syndrome 
or constipation. A rheumatologist or internist should evalu- 
ate the patient’s general medical and autoimmune status 
because many patients are chronically debilitated or have 
the systemic features of IC (fibromyalgia, migraines, sinus- 
itis, or drug hypersensitivity). Up to 70% of patients with 
severe symptoms have pelvic floor dysfunction, which is 
conservatively treated with physical therapy (exercise, 
myofascial massage, and manual therapy) or biofeedback, 
with or without electrical stimulation. A psychologist is 
invaluable in providing stress reduction techniques, such as 
self-visualization, self-hypnosis, baths, deep breathing, and 
meditation. Behavioral therapy, including the development 
of coping mechanisms, problem solving, and sex therapy, is 
also very useful. Nutritional counseling is beneficial to any 
patient with a painful or chronic illness. A chemical pain 
manager (neuropsychiatrist) and invasive pain manager 
(anesthesiologist) make intractable pain tolerable for most 
patients. 

A multidisciplinary approach to research will improve 
our ability to study the epidemiology, diagnosis, and man- 
agement of IC. Procurement of increased funding for 
clinical and basic science research will aid in defining the 
hypersensitivity pelvic floor disorder population, finding 
markers for etiology and treatment efficacy, determining 
the effect of hormones on these disorders, and defining 
outcome measures for treatment protocols. Unbiased, 
randomized controlled trials for the prevention of IC by 
treating lower urinary tract hypersensitivity disorders 
appropriately and in a timely fashion, will improve the 
quality of women’s pelvic health. Increased funding for 
public education, medical student and resident education, 
and education of primary care providers will allow access 
to treatment at an earlier point in the hypersensitivity and 
pain spectrum. 
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Introduction and Definitions 


Bladder compliance describes the relationship between 
changes in bladder volume and changes in detrusor pres- 
sure. Compliance is calculated as the change in volume 
(AV) divided by the change in detrusor pressure (AP4et) 
and is expressed mathematically as C (mL/cm H20) = 
AV (mL)/AP gee (cm H2O) (Haylen et al., 2010). 

Compliance is a measure of the bladder viscoelastic prop- 
erties, allowing storage of large volumes of urine with mini- 
mal changes in intravesical pressure. Decreased compliance 
is defined as <20 mL/cm H7O, measured from the onset of 
urodynamic bladder filling to maximum cystometric capacity 
or immediately before the onset of a detrusor contraction that 
results in significant leakage (Fig. 37.1) (Abrams et al., 2002). 

Poor compliance can result from changes in the visco- 
elastic properties of the bladder, changes in detrusor muscle 
tone, or a combination of the two. Clinically, poor compli- 
ance is most commonly seen in neurologic conditions (e.g., 
spinal cord injury, myelodysplasia, Shy-Drager syndrome, 
cauda equina syndrome, multiple sclerosis) but can also be 
from surgical denervation (e.g., radial hysterectomy, abdom- 
inoperienal resection), inflammation or infection (e.g., radi- 
ation, tuberculosis, interstitial cystitis), and chronic bladder 
outlet obstruction. 

In a landmark article by McGuire et al. (1981), myelo- 
dysplactic children with detrusor leak point pressures >40 
cm H,O invariably developed upper tract disease (McGuire, 
1981; McGuire et al., 1981). In a later study by McGuire 
involving another group of myelodysplactic children, all of 
the children with upper tract changes also had very poor blad- 
der compliance (Ghoniem et al., 1989).Therefore, sustained 
detrusor pressures of >40 cm H2O during storage, regardless 
of the bladder volume, can lead to upper tract damage and 
require careful follow-up to protect renal function. 

First-line management of compliance abnormalities 
involves reducing sustained detrusor pressures to below 40 
cmH;0 by using anticholinergic medications and manual 
bladder drainage if necessary. If patients fail medical ther- 
apy, more invasive options are implemented. This chapter 
will focus on the indications, surgical techniques, clinical 
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results, and complications of sacral neuromodulation, bot- 
ulinum toxin, and augmentation cystoplasty (AC) for the 
treatment of bladder compliance abnormalities. 


Patient Evaluation 


The evaluation should include salient features of the his- 
tory and physical examination, including ambulatory sta- 
tus and manual dexterity. In addition to a bladder diary, 
patients are asked to respond to two self-administered 
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FIGURE 37.1 Urodynamic tracing of impaired bladder compliance. 


questionnaires, urogenital distress inventory-short form 
(UDI-6) and the incontinence impact questionnaire-short 
form (IIQ-7), such that subjective improvement or pro- 
gression with treatment can be monitored routinely. 

A careful history and physical examination will reveal 
the nature (acute versus chronic) and possible cause (neu- 
rogenic, anatomic, postsurgical, functional, inflammatory, 
and/or idiopathic) of the lower urinary tract dysfunction 
(see Box 37.1). A postvoid residual (PVR) and urinalysis 
should be obtained. If the patient has >3 to 5RBCS/HPF on 
microscopic urinalysis, upper tract imaging and cystoscopy 
are mandated. According to the 2012 American Urologi- 
cal Association (AUA) Guidelines for asymptomatic micro- 
scopic hematuria, urine cytology should only be obtained 
in patients with persistent microscopic hematuria, irritative 
voiding symptoms, or risk factors for carcinoma in situ (e.g., 
tobacco use, chemical exposures) (Davis et al., 2012). 

Further assessment of bladder function with urodynamic 
studies, including cystometrogram, pressure-flow studies, 
and electromyography (EMG), are performed on a selected 
basis. EMG is strongly recommended in suspected cases of 
neurogenic bladder dysfunction, detrusor-sphincter dyssyn- 
ergia, or Fowler’s syndrome. It is important to remember 


that the characteristics of neurogenic bladder, as seen in 
patients with multiple sclerosis and spinal cord injury, can 
change with time and disease progression. Therefore, 
reevaluation with urodynamic testing and assessment of the 
upper urinary tracts may be needed when symptoms change 
despite active medical intervention. 

Cystourethroscopy may yield information helpful in mak- 
ing a diagnosis. Anatomic lesions such as urethral stricture, 
bladder neck fibrosis, trabeculation, and bladder lesions 
are found in some women with bladder outlet obstruction. 
Upper urinary tract imaging should be performed in any 
patient with compliance changes on urodynamics (e.g., sus- 
tained detrusor pressures of >40 cm H,O) or a history of 
compliance changes, in patients with neurologic disease, or 
if indicated by history or physical examination. 


Surgical Treatments 
Augmentation Cystoplasty 


Before the introduction of sacral nerve stimulation in the 
late 1990s, the mainstay of surgery for impaired blad- 
der compliance was AC. Bladder augmentation was first 


History 

Sequential progression of urinary symptoms 

Neurologic symptoms (vision, gait, coordination, 
parasthesia, etc.) 

Sensation of pelvic pressure or heaviness 

Bowel habits/constipation 

Sexual history 

Prior urologic disease 

Urogenital trauma 

Diabetes 

Thyroid disease 

Herpes simplex virus infection 

Back pain or disk disease 

Pelvic, anorectal, or spinal surgery 

Previous therapies including medications 

Physical examination 

Ambulatory status 

Manual dexterity 

Back: skin or spinal cord anomalies 

Abdomen: scars, mass, tenderness 

Pelvis and vagina: pelvic organ prolapse, enlarged uterus, 
pelvic or vaginal mass 

Urethra: mass, tenderness 

Anus and rectum 

Neurologic examination 

Urinalysis 

Postvoid residual volume (bladder scan or catheter) 


introduced in 1899 by Mikulicz as a means of increasing 
urinary storage, preserving renal function, and providing 
continence (Greenwell et al., 2001). It was not until the 
1950s that the technique was popularized, and not until 
the 1980s, with the introduction of clean intermittent 
catheterization, that the procedure was widely accepted 


(Reyblat and Ginsberg 2008). 


Indications 


AC is indicated in patients with poorly compliant bladders 
who have or are at risk for upper tract deterioration, and have 
neurogenic and idiopathic detrusor overactivity, and who 
have either failed medical management or are not appropri- 
ate candidates for less invasive therapies like neuromodula- 
tion and onabotulinum toxin. AC requires that patients have 
adequate dexterity or a caregiver that can perform intermit- 
tent self-catheterization (ISC). If the patient or caregiver is 
unable to perform ISC then a continent catheterizable chan- 
nel should be performed at the time of AC. 

AC is contraindicated in patients with bowel dis- 
ease (e.g., inflammatory bowel disease, congenital bowel 
anomalies, short gut syndrome) and bladder malignancies 
and in patients who are unable (e.g., impaired cognition 
or manual dexterity) or unwilling to perform intermit- 
tent catheterization (Biers et al., 2012). Even if patients 
are able to void spontaneously after AC, ISC still may 
be necessary to remove sediment and mucus. In patients 
who cannot void spontaneously, ISC must be performed 
regularly to preserve renal function and prevent potentially 
life-threatening complications associated with spontaneous 
bladder perforations. 
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Surgical Technique 


Augmentation is most commonly performed using various 
gastrointestinal segments, but can also be performed using 
ureter (ureterocystoplasty) or autoaugmentation. Ileal and 
colonic are the most commonly performed forms of aug- 
mentation, although stomach, ileum, or jejunum may be 
used. The choice of gastrointestinal segment is very impor- 
tant as it carries with it unique metabolic considerations 
that need to be considered preoperatively and managed 
postoperatively. 

Given that ileocystoplasty is the most commonly per- 
formed form of AC, this is the procedure that will be dis- 
cussed in detail. Patients should be admitted 1 to 2days 
prior to surgery for an antibiotic, as well as mechanical 
bowel preparation. According to the AUA Best Practice Pol- 
icy Statement on Urologic Surgery Antimicrobial Prophy- 
laxis updated in 2012 and 2014, <24h of antibiotics, either 
a second- or third-generation cephalosporin or, if allergic, an 
aminoglycoside plus metronidazole or clindamycin, should 
be administered (Wolf et al., 2012). 

Open ileocystoplasty is typically performed through a 
midline open abdominal incision. The bladder is bivalved 
from the dome to 3cm above the ureteral orifices, using 
a transverse incision. A 25 to 30cm piece of ileum, 15cm 
from the ileocecal valve, is harvested. It is important to 
determine if the ileal segment has adequate mesentery to 
allow it to reach the native bladder without tension. Either 
a hand-sewn or a stapled enteroplasty is performed. The 
ileal segment is then detubularized by opening it on its 
antimesenteric border. The ileum is folded into a U-shape 
and the adjacent borders are anastomosed using running 
absorbable sutures to create the posterior and anterior 
walls. The posterior aspect of the ileum is then anasto- 
mosed to the native bladder in a two-layer fashion with 
absorbable suture. A suprapubic tube is placed in the native 
bladder. The anterior wall of the ileum is sutured to the 
bladder in a similar fashion as the posterior closure. A drain 
is placed in the pelvis. 

Laparoscopic and robotic-assisted ileocystoplasty can be 
performed in a similar fashion using pure laparoscopy or in 
combination with extracorporeal bowel work. Several small 
case series have shown that the procedure is feasible and 
safe, with similar short-term outcomes, including improve- 
ments in maximum cystometric capacity and decreases in 
maximum detrusor pressure (el-Feel et al., 2009). 


Results 


Overall continence rates vary from 78% to 100%. Addi- 
tional interventions including clean intermittent cath- 
eterization, anticholinergic medications, bladder neck 
closure, and artificial urinary sphincter may be needed to 
achieve dryness. 

In several large series, patients who underwent either 
concomitant or subsequent artificial urinary sphincter had 
higher continence rates (85%-90%) than patients who 
underwent AC alone (78%) (Biers et al., 2012). 

Studies by Blaivas et al. (2005) and Flood et al. (1995) 
showed persistent improvement in urodynamic parameters 
at long-term follow-up, including significant increases in 
maximum cystometric capacity (mean increases of 400mL) 
and mean decrease in maximal detrusor pressure from 53 
to 14 cm H30. 
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Complications 


Early complications of AC, ranging from 0% to 5%, include 
wound infection, small bowel obstruction, and bleeding 
requiring reoperation (Biers et al., 2012). Long-term com- 
plications are more common, ranging from 10% to 40%, and 
include metabolic disturbances, deterioration in renal func- 
tion, mucus accumulation leading to stone formation, bac- 
teriuria, diarrhea, B12 vitamin deficiency, progressive loss of 
compliance, spontaneous perforation, carcinoma, and per- 
sistent incontinence (Husmann and Snodgrass 2004). 

Each bowel segment confers a different type of potential 
metabolic complication. Patients undergoing ileocystoplasty 
should be monitored for hyperchloremic acidosis, resulting 
from the reabsorption of ammonia and ammonium chloride 
and secretion of bicarbonate by the bowel. Renal deteriora- 
tion can occur and occurs more commonly in patients with 
creatinine clearance 15mL/min (Biers et al., 2012). Resec- 
tion of the terminal ileum can lead to vitamin B12 defi- 
ciency, causing pernicious anemia and diarrhea. 

Exposure of bowel segments to urine has been shown to 
induce changes in the intestinal epithelium that are asso- 
ciated with four potential long-term complications: (1) 
increased mucus production, resulting in stone formation; 
(2) loss of intestinal compliance from fibrosis of enteric 
submucosa; (3) increased risk of spontaneous perforation; 
and (4) the development of malignancies. Although the 
risk of neoplasm is uncertain, most malignancies occurred 
at the enterourothelial junctions, and intermittent endo- 
scopic surveillance of augmented bladders is typically rec- 
ommended 5 to 10 years after augmentation (Husmann and 
Snodgrass 2004). 

Several more recent series have found no increase in 
cancer rates in patients with AC. Hamid et al. (2009) per- 
formed a prospective analysis of 92 consecutive patients 
who underwent routine cystoscopy 10 years after AC. The 
median follow-up was 10 to 33years. No cancers were 
identified either with surveillance on cystoscopy or on rou- 
tine biopsies. Higuchi et al. (2010) compared a series of 
153 patients with ileal/colonic cystoplasty and age-matched 
controls with neurogenic bladder performing ISC and found 
no difference in the incidence of bladder cancer in patients 
with AC (7 patients (4.6%)) versus controls (4 patients 
(2.6%)). 


Sacral Neuromodulation 


Since the late 1990s, there has been an evolution in the 
understanding and management of the impaired bladder 
compliance. Until InterStim® (Metronic Inc., Minneapolis, 
MN) was approved by the U.S. Food and Drug Administra- 
tion (FDA) in 1997, AC was the mainstay of therapy for the 
treatment of impaired bladder compliance. 

Neuromodulation is an innovative treatment for lower 
urinary tract symptoms and dysfunctions secondary to neu- 
romuscular etiologies. Currently, InterStim® is the only 
implantable device currently approved for sacral neuro- 
modulation therapy to treat refractory urgency/frequency 
syndrome, urge incontinence, nonobstructive urinary reten- 
tion, and (as of April 2012) fecal incontinence. 

Sacral neuromodulation involves the stimulation of the 
pelvic plexus and pudendal nerves that innervate the blad- 
der, pelvic floor muscles, and rectum. Several theories about 


the mechanism of action have been proposed but it remains 
largely uncertain. Electrical stimulation may modulate 
reflex pathways involved in both the storage and emptying 
phases of the micturition cycle, as reviewed by Koldewijn 


et al. (1994). 


Indications 


Sacral neuromodulation is frequently attempted in patients 
who have failed traditional conservative measures such as 
bladder retraining, pelvic floor biofeedback, and medica- 
tions, before more invasive surgical procedures such as 
enterocystoplasty or urinary diversion. 

There are few data on defined preclinical factors or 
urodynamic predictors of which patients will benefit from 
sacral neuromodulation. In a small prospective study of 
55 patients with both idiopathic and neurogenic refractory 
urinary urge incontinence who underwent stage I] InterStim 
after a successful stage I test stimulation, individuals older 
than 55, those with three or more chronic conditions (e.g., 
arthritis, hypertension, diabetes, or depression), or those 
with a neurologic condition had a lower cure rate (Amundsen 
et al., 2005). In two smaller studies, neurogenic patients 
with Parkinson disease, progressive neurologic diseases, and 
retention secondary to detrusor hypocontractility had lower 
success rates (Minardi and Muzzonigro 2012). 


Surgical Technique 


The procedure is performed in one of two ways—a two- 
stage procedure versus percutaneous nerve evaluation 
(PNE), followed by a combined stage I and II procedure. 
Stage I is a clinical trial of a permanent tined lead for exter- 
nal stimulation, and stage II is implantation of a subcutane- 
ous implantable pulse generator (IPG). Each stage can be 
done using monitored anesthesia supplemented with local 
anesthesia. 

PNE is performed by placing bilateral percutaneous leads 
in the S3 foramen (with or without fluoroscopic guidance) 
using local injectable anesthesia. The leads are then con- 
nected to an external pulse generator and worn by the patient 
for several days. Although PNE can be done in the office, it 
has a lower success rate and therefore a lower implantation 
rate, which may be attributed to improper lead placement 
and migration. In a study by Borawski et al. (2007), 88% of 
patients with refractory urge incontinence who underwent 
stage I, versus 46% who underwent PNE, went on to stage II 
(p =0.02). In another study of 92 patients with refractory 
overactive bladder (OAB), 46% of the patients screened 
with PNE, versus 69% of patients who had a stage I, met the 
criteria for stage II. Of the 41 patients in whom PNE failed, 
44% had successful stage I using tined lead and went on to 
stage II (Marcelissen et al., 2011). Therefore both studies 
suggest higher false-negative results in patients undergoing 
PNE than those having stage I. 

After lead placement, changes in lower urinary tract 
symptoms and PVR volumes are recorded in a detailed blad- 
der diary. If improvement is minimal or absent, placement 
of stage I (in patients who had PNE), revision, or bilateral 
percutaneous lead placement may be attempted. If patients 
report a greater than 50% improvement in symptoms, a per- 
manent IPG is implanted. The length of the trial with the 
external pulse generator may vary slightly from patient to 
patient, for indications, and by surgeon preference. In our 
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FIGURE 37.2 Locating the sacral foramina for a stage | implant 
procedure. (Reprinted with the permission of Medtronic, Inc.) 


experience, in patients with urgency/frequency syndrome 
and urge incontinence, a 2-week trial is adequate. For uri- 
nary retention, a longer trial of 3 to 4weeks may be neces- 
sary before obtaining a desired clinical response. 


Stage | 


Before 2002, lead placement required a more time-consum- 
ing surgical dissection of the layers above the sacral foram- 
ina and had unreliable lead fixation with anchors. Changes 
to the lead have made implantation of the lead easier and 
less prone to migration. Spinelli and Sievert (2008) were 
the first to present their experience using the tined lead 
neuroelectrode, which we continue to use today. 

Patients are asked to shower with chlorhexidine gluco- 
nate on the day of surgery. Preoperative intravenous anti- 
biotics are given before each stage of the procedure and 
aseptic techniques of foreign body implants are imple- 
mented. The patient is placed in the prone position on a 
fluoroscopic table. Chest rolls and pillows can be used for 
position. The buttocks are taped, allowing visualization of 
the anus. The anus and tape are prepped in standard sterile 
fashion and covered with a separate clear plastic drape. The 
patient’s feet should be bare and the sterile drape folded 
back to expose the feet. 

After the patient receives sedation and the local anes- 
thesia, the S3 foramina are identified. The location of the 
S3 foramina is approximated by measuring 9cm cephalad 
to the drop-off of the sacrum, and 1 to 2cm lateral to the 
midline on either side. Alternatively, the site may also be 
localized by palpating the cephalad portions of the sci- 
atic notches bilaterally and drawing a connecting line that 
intersects the midline of the sacrum; one fingerbreadth on 
either side of the midline of the sacrum at this intersection 
defines the location of the S3 foramina (Fig. 37.2). The 
foramen needle is then inserted into the S3 foramen, ide- 
ally at a 45° angle. The pelvic plexus and pudendal nerve 
run alongside the pelvis and therefore the needle should be 
placed just inside the foramen. The position of the needle is 
confirmed using fluoroscopy (Fig. 37.3). The nerve is test- 
stimulated for the appropriate motor responses, which are 
dorsiflexion of the great toe and bellows contraction of the 
perineal area, which represents contraction of the levator 
muscles (bellows reflex) (Box 37.2). The foramen needle 
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FIGURE 37.3 Fluoroscopic view of sacrum with the tine lead placed 
through the S3 foramen. (Courtesy of the Cleveland Clinic.) 


Box 37.2 Sacral Nerve Responses to 
Test Stimulations 


Sacral Nerve Response 
52 Plantar flexion of the entire foot with lateral 
rotation 
Clamp movement of the anal sphincter 
S3 Dorsiflexion of the great toe 


Bellows reflex (anal wink) 
Parasthesias or sensation of pulling in the 
rectum, scrotum, or vagina 
S4 Bellows reflex only 
Sensation of pulling in the rectum only 


stylet is removed and replaced with the introducer sheath. 
The distal aspect of the lead consists of four electrodes 
numbered 0 through 3. The lead is placed into the intro- 
ducer sheath as directed to expose the electrodes. Usu- 
ally, electrodes are positioned such that electrodes 2 and 
3 straddle the ventral surface of the sacrum, as shown in 
Figure 37.3. Test stimulation is repeated on each electrode 
and the responses are observed. An S3 response should be 
noted on at least two of the electrodes. Once satisfied with 
the position, the sheath is removed, releasing the tines that 
anchor the lead. A sensory response with sensation of stim- 
ulation in the perineum is not needed to confirm proper 
placement if the correct S3 motor response is observed. 
However, when a motor response is absent, raising the con- 
sciousness level of the patient during the procedure and 
detecting the correct sensory response confirms proper 
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and percutaneous extensio 
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localization; a clinical response thus may still be obtained 
during the screening trial period despite the absence of the 
motor response. 

A 3 to 4cm incision into the subcutaneous tissues in the 
upper lateral buttock is made below the beltline or below 
the level of the ischial wings for connecting the perma- 
nent lead to the percutaneous extension lead wire. If the 
screening trial is successful, this incision will be the site of 
the IPG. With the tunneling device, the permanent lead is 
transferred to the medial aspect of the lateral buttock inci- 
sion. The lead is then cleaned and connected to the exten- 
sion wire, with care taken to avoid overtightening of the 
contact screws. The tunneling device is used again, tunnel- 
ing the extension wire from the medial aspect of the inci- 
sion to an exit point on the contralateral side of the low 
back (Fig. 37.4). This transfer and long tunnel is believed 
to reduce the occurrence of infection from the percutane- 
ous exit site of the wire. The incision is closed in two layers 
after the wound is copiously irrigated. The extension wire is 
connected to the external pulse generator. A 5 day course of 
postoperative antibiotics is prescribed. 

Patients are asked to resume their normal activities on 
the next day and to limit excessive movement and high- 
impact exercises for the duration of the trial period. Patients 
may bathe or shower within 24h as long as the external gen- 
erator is disconnected. Proper wound care education and 
instructions for using the self-administered application of 
the external neurostimulation generator are given during the 
perioperative period. 


exit site 
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FIGURE 37.4 Permanent lead 
placement using a plastic anchor 
instead of a tine lead for a stage | 
trial. (Reprinted with the permission 
of Medtronic, Inc.) 


The external generator can be programmed immediately 
in the recovery room when the patient is fully awake. The 
patient then wears the external pulse generator for the dura- 
tion of the test period while recording his or her symptoms 
in a diary. If there is greater than 50% improvement in the 
symptoms, stage II of the procedure is performed. 


Stage Il 


No fluoroscopy is required during stage II. The patient is 
placed in the prone position or a lateral position, with the 
site of the previous lateral incision for the lead connec- 
tions placed upwards (Fig. 37.5). The lateral position may 
improve ventilation during sedation. The previous buttock 
incision is opened; care must be taken to avoid damaging the 
permanent lead that may be superficial. The skin is incised 
with a 15 blade followed by electrocautery using cut with 
selective coagulation and blunt dissection. Once the con- 
nection between the lead and the extension wire is located, 
the temporary lead extension is cut; the portion exiting the 
skin on the contralateral side is pulled and removed. The 
plastic protection sheath is then removed and the remaining 
portion of the temporary extension wire is unscrewed and 
completely removed. While the electrodes of the perma- 
nent lead are kept clean and blood-free, the extension lead 
is secured to the permanent lead and subsequently to the 
IPG, with care taken to avoid overtightening of the screws. 
A pocket is created in the subcutaneous tissue that is large 
enough to avoid tension during closure and to provide a 
covering layer of subcutaneous tissue anterior to the pulse 


FIGURE 37.5 Implantation of the 
IPG for a stage II procedure, using 
the anchored lead. (Reprinted with 
the permission of Medtronic, Inc.) 
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Extension cable 


Neurostimulator 
(also known as “IPG”) 
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generator to prevent erosion. The implant area is copiously 
irrigated and closed in two layers. A 5 day course of postop- 
erative antibiotics is prescribed. 


Results 


Worldwide over 50,000 patients have undergone InterStim 
for the treatment of refractory lower urinary tract symp- 
toms. Siddiqui et al. (2010) conducted a systematic review 
from 1980 to 2008. Using pooled data from the most repre- 
sentative studies, 52% to 77% of patients undergoing either 
PNE or stage I went on to implantation. Patients had signifi- 
cant improvement in mean number of incontinent episodes 
from 5 to 10/day to 2 to 3/day, and a significant reduction in 
pad usage, from 4 to 6/day to 1 to 3/day. At mean follow-up 
of minimum of 6 months, 45% of patients reported “cure” 
or no incontinent episodes. Two studies with longer mean 
follow-up reported 46% of patients to be dry 3years after 
implant and 54% reported maintenance of efficacy 5-year 
after implantation. 

Similarly, a 5-year prospective multi-center worldwide 
trial found significant reductions in urge incontinence epi- 
sodes and voids and was maintained at 5 years follow-up (van 
Kerrebroeck et al., 2007). The number of urge incontinence 
episodes decreased from 9.6 + 6.0 to 4.7 + 4.9 at 1 year and 
3.9+4.0 at Syears follow-up. Patients also showed a sig- 
nificant reduction in pad usage from baseline of 5 to 1.8 
at 5years. Average daily voids decreased from 19.3 + 7.0 
at baseline to 13.0 + 7.9 at l year and 14.8 + 7.6 at 5 years. 


At 5years, a clinical success rate of 58% was reported in 
number of leaks per day, 68% in number of heavy leaks per 
day, and 61% in the number of pads per day. 

Average voided volume increased from 92.3+52.8mL 
at baseline to 165.2+147.5mL at 5years (van Kerrebroeck 
et al., 2007). Clinical success (% of patients with >50% 
voiding diary parameters) was reported in 40% of voids per 
day, 56% in degree of urgency, and 56% reporting more than 
50% increase in average voided volume. Of the patients 
with clinically successful outcomes at 1 year, 71% remained 
successful at 5years. In a long-term retrospective study by 
Al-zahrani et al. (2011) with median follow-up of 50.7 months, 
the long-term success rate (greater than 50% reduction in 
symptoms) in patients with urge incontinence was 84.8%. 

Three smaller studies looking at InterStim in patients 
with neurologic disease found similar success rates, ranging 
from 66% to 93% with mean follow-ups ranging from 12.4 
to 61.2months (Minardi and Muzzonigro 2012; Chaabane 
et al., 2011; Wallace et al., 2007). All studies showed statis- 
tically significant reductions in urge incontinence (reduction 
of 4-9 urge incontinence episodes per day) and statistically 
significant reduction in number of micturitions (reduction 
of 4-8 micturitions per day). 

Inthe study by Chaabane et al. (2011), pre- and postoper- 
ative urodynamic studies were obtained and showed a signif- 
icant increase in mean first uninhibited detrusor contraction 
volume (83.3 + 22.7 versus 161.0+34.3 mL, p = 0.002), 


mean maximum cystometric capacity (139.7 + 12.5 versus 
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285.0 + 31.38 mL, p = 0.002), and a decrease in maximum 
intravesical pressure (46.0+16.56 versus 20.0+8.9 cm 


H2O, p = 0.03). 
Complications 


Reported complications of sacral neuromodulation are rela- 
tively minor and include lead migration with loss of effi- 
cacy, pain at the implant or lead site, superficial wound 
infection, implant (lead and/or IPG) infection, seroma at 
the IPG site, transient sensation of electrical shock, and 
skin erosion at the site of the IPG. Other known complica- 
tions include hardware problems, such as lead insulation 
defects and fracture, and rare IPG malfunctions. 

Studies have shown no increase in surgical infection rates 
with prolonged test periods. In a recent study by Amend 
et al. (2013), prolonged testing (mean=52.3 days) with 
permanent electrodes was not associated with an increase in 
infection-associated explantation rates; however, 42.9% of 
patients and 38.2% of extension leads were colonized with 
bacteria. 

Since the introduction of the tined lead, the frequency 
and profile of complications that were related to the neuro- 
electrode placement have changed dramatically. However, 
complications related to the overall patient experience, as 
expected, remain infrequent and unchanged over time. 

The 5-year prospective worldwide multicenter trial cited 
earlier, which did not use the tined lead, reported that 
67% of patients reported at least one device- or therapy- 
related adverse event (van Kerrebroeck et al., 2007). Of 
the reported adverse events, 15.8% were device-related and 
63.8% were therapy-related. Of the device-related events, 
the most commonly reported were “device problems” and 
lead migration. The most commonly reported therapy 
adverse events were new or undesirable pain at IPG site. A 
total of 39.5% of the patients required surgical intervention 
for an adverse event. The most common surgical interven- 
tion was device exchange, which included replacement of 
the lead, extension, or IPG. The majority of studies pub- 
lished before this reported significantly lower adverse event 
rates (11-22%) and surgical revision rates (7-18%) (White 
et al., 2009). The authors attributed their high rates to out- 
dated technology (the tined lead was not available) and to 
the fact that the majority of the patients had undergone the 
procedure early in the learning curve. 

Al-zahrani et al. (2011), in their 14-year experience, 
reported an overall explantation rate of 20.8%. Indications 
for explantation were poor results in 12.5%, painful stimu- 
lation in 6.25%, and radiation of stimulation to the leg in 
2%. The overall revision rate was 39%, with the most com- 
mon indication for revision being poor response (58.5%), 
followed by pain at IPG site (17%). The revision rate 
decreased from 50% to 31% with the introduction of the 
tined lead. 

In a prospective, longitudinal study, White et al. (2009) 
looked at the incidence and predictors of complications 
using the tined lead. At a mean follow-up of 37 months, 
30.3% of patients experienced an adverse event, requiring 
both lead and IPG revisions. On multivariate analysis, inde- 
pendent predictors of adverse events were change in body 
mass index class (reflecting weight loss), a history of adverse 
events, history of trauma, enrollment in pain clinic, and 
duration of follow-up. 


Contraindications to InterStim include the need for 
repeat back or body magnetic resonance imaging (MRI), uri- 
nary retention secondary to anatomic obstruction (e.g., uro- 
logic malignancies), and patients who have not demonstrated 
an appropriate response to test stimulation or are unable to 
operate the neurostimulator. In July 2012, the FDA approved 
that patients with InterStim II systems and specific InterStim 
I systems can undergo a head MRI under specific conditions. 


Botulinum Toxin 


Since the early 2000s, with the introduction of newer tech- 
nology and pharmacotherapies, there has been a trend away 
from major surgical interventions for impaired bladder com- 
pliance, such as AC, toward less invasive interventions. One 
of the pharmacotherapies accounting for this change is bot- 
ulinum toxin. According to the Department of Health in the 
United Kingdom, the number of ileocystoplasties decreased 
from 155 in 2000 to 91 in 2010, while the number of botu- 
linum toxin treatments increased from 50 in 2000 to 4088 
in 2010 (Biers et al., 2012). 

First discovered in 1897 by Professor Pierre Emile van 
Ermengem of Ellezelles, Belgium, botulinum toxin, a neuro- 
toxin produced by the gram-positive, rod-shaped anaerobic 
bacterium Clostridium botulinum, is the most poisonous 
naturally occurring toxin known to man. Seven immuno- 
logically distinct antigenic subtypes of botulinum toxin have 
been isolated: A, B, Cl, D, E, F, and G. Only types A and 
B are available for use clinically. Botulinum-A toxin (BTX- 
A), known as BOTOX® (Allergan Inc., Irvine, CA) in the 
United States and DYSPORT® (Medicis Aesthetics) in the 
United Kingdom, is more potent and has a longer duration 
of action than type B. Type B is commercially available as 
MyoBloc® in the United States and NeuroBloc® in Europe. 

Botulinum toxin exerts its effects by binding to the 
peripheral cholinergic terminals and inhibiting the release 
of acetylcholine at the neuromuscular junction. As a result, 
a flaccid paralysis ensues. There are four steps involved in 
this process: binding, translocation, cleavage, and inhibition 
of neurotransmitter release. Botulinum toxin is made within 
the bacterial cytosol and released as a 150 kDa polypeptide 
chain. Proteolytic cleavage results in a heavy (100kDa) and 
light chain (50kDa), which are linked by heat-labile disul- 
fide bonds. Neither chain can exert neurotoxicity indepen- 
dently. The heavy chain is responsible for binding to the 
nerve terminal at the neuromuscular junction. The light 
chain, which is internalized by endocytosis, actively cleaves 
a specific site on the protein complex responsible for dock- 
ing and release of vesicles containing neurotransmitters into 
the neuromuscular junction. By cleaving protein receptors 
within the nerve terminals, botulinum toxin prevents the 
normal vesicular transport and release of acetylcholine from 
the motor nerve terminals into the neuromuscular junction. 

Based on histologic evidence, recovery of chemodener- 
vation occurs after 3 to 6months. This is thought to be the 
result of turnover of the presynaptic molecules and nerve 
sprouting from the nerve terminal forming a new func- 
tional synapse. Affected nerve terminals do not degenerate 
and axonal sprouting and formation of new synaptic con- 
tacts can recover function. The time necessary to recover 
function after botulinum toxin paralysis depends on the 
subtype of botulinum toxin as well as the type of nerve 


terminal. Chemodenervation lasts between 3 and 6 months 
when injected into the neuromuscular junction of skeletal 
muscle and considerably longer, up to 1 year, when injected 
into the autonomic neurons of smooth muscle. 


Indications 


Botulinum toxin was first approved by the FDA in 1989 for 
use in patients with strabismus and blepharospasm. The first 
report of the application of botulinum toxin A in neurogenic 
detrusor overactivity was in 2000 by Schurch et al. Over the 
last decade botulinum toxin had been used off label to treat 
various urologic conditions, including neurogenic and idio- 
pathic detrusor overactivity, detrusor-sphincter dyssynergia, 
motor and sensory urge, and chronic pain syndromes. Based 
on two multicenter randomized, double-blind, placebo- 
controlled trials, on 24 August, 2011 the FDA approved 
botulinum toxin for the treatment of urinary incontinence 
attributable to detrusor overactivity associated with a neu- 
rologic condition in adults who have an inadequate response 
to, or are intolerant of, an anticholinergic medication. Based 
on these studies, the approved dose of botulinum toxin into 
the detrusor is 200 units. 


Surgical Technique for Intradetrusor Injections 


Prior to performing the procedure, a urinalysis should be 
performed to rule out bacterial cystitis. Anticoagulants 
such as coumadin and Plavix should be discontinued for 5 to 
7 days before injection. Prophylactic antibiotics are admin- 
istered at the discretion of the physician. This procedure 
is routinely performed in the office with local anesthesia 
or in an ambulatory/outpatient setting with mild intrave- 
nous sedation. In the neurogenic population, spasticity and 
lower-extremity contractures may limit a physician’s abil- 
ity to perform the procedure in the office. With the patient 
in the lithotomy position, 100mL of 2% lidocaine solution 
is instilled in the bladder and allowed 15 to 20 min to take 
effect. In female patients, a 23-French rigid cystoscope 
with a collagen injection needle is inserted via the urethra. 
The flexible cystoscope can also be used, but care must 
be taken when introducing the needle so as not to dam- 
age the working channel. The needle tip should be covered 
while introducing the needle through the working port. 
The bladder is injected with 200units of onabotulinum 
toxin A. BOTOX® comes in both 100 and 200unit vials. 
Per prescribing information, 6mL of 0.9% of preservative- 
free saline is added to the 200unit vial. Using 3 x 10mL 
syringes, 2mL from the 200 U vial is drawn into each of the 
three syringes. Then 8mL of 0.9% preservative-free saline 
is drawn up in each syringe, resulting in 10mL solution in 
each syringe. Following the recommended dilution pro- 
tocol will result in three 10mL syringes, each containing 
10mL (dose of ~6.7 U per 1.0mL), for a total of 200 U of 
reconstituted BOTOX® in a total volume of 30mL (Aller- 
gan Prescribing Information). 

Using an endoscopic needle, 30 intradetrusor injections 
of 1.0mL each are injected 2mm into the detrusor muscle. 
Some studies advocate injecting botulinum in the trigone, an 
area of greater nerve density, to improve efficacy (Fig. 37.6). 
In a study by Kuo (2011), patients with idiopathic OAB were 
injected using three different injection techniques: bladder 
body, bladder body and trigone, and bladder base and trigone. 
There were no differences in urgency, frequency, urgency 
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FIGURE 37.6 Bladder injection template including the trigone. 


incontinence episodes, urodynamic variables, long-term 
success rates, or adverse events among the three groups. Ini- 
tially, trigonal injections were avoided because of the theo- 
retical concern of distal ureteral paralysis and subsequent 
ureteral reflux. However, several studies have shown that tri- 
gonal injections do not induce de novo vesicoureteral reflux 


(Kuo 2011; Karsenty et al., 2007). 


Clinical Results 


Two multicenter, randomized, double-blind placebo-con- 
trolled phase 3 studies assessed the efficacy, safety, and 
effects on quality of life of botulinum toxin A in patients 
with neurogenic detrusor overactivity secondary to multi- 
ple sclerosis and spinal cord injuries (Ginsberg et al., 2012; 
Cruz et al., 2011). In both studies patients were random- 
ized to either placebo, 200 units of Botox®, or 300 units of 
Botox®. In the first European-based study, by Cruz et al. 
(2011), at 6weeks patients in both the 200 and 300U 
group, compared with placebo, had a statistically significant 
reduction in urgency incontinence episodes, from a baseline 
mean of 33.5 to 21.8 versus 19.4 versus 13.2, respectively 
(p < 0.01). At week 6, 7.6%, 38.0%, and 39.6% of patients 
receiving placebo, 200units, and 300units, respectively, 
were fully continent or “dry.” Urodynamically, patients 
receiving Botox had a statistically greater increase in maxi- 
mum cystometric capacity, maximum detrusor pressure 
during first involuntary contraction, and volume at first 
involuntary detrusor contraction. Patients in the botulinum 
group also had statistically significantly higher Incontinence 
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Quality of Life (I-QOL) scores compared to placebo. The 
median duration of effect was 42.1 weeks. 

Similarly, the US-based trials of onabotulinum toxin A 
at doses of 200 and 300U decreased mean urinary inconti- 
nence at week 6 by 21 and 23 episodes per week versus 9 in 
the placebo group (p < 0.001) (Ginsberg et al., 2012). Max- 
imum cystometric capacity, maximum detrusor pressure 
during the first involuntary detrusor contraction, and I-QOL 
score were significantly improved over placebo. Mean dura- 
tion of drug effect was slightly shorter at 35 weeks. 

Similar results have been found in idiopathic patients. A 
recent multicenter, double-blind, randomized, placebo-con- 
trolled, parallel-group dose response study by Rovner et al. 
(2011) reported the efficacy, urodynamic results, and safety 
of five various doses (50-300 units) of onabotulinum toxin A 
in patients with idiopathic OAB and urgency incontinence 
refractory to anticholinergics. Patients in the onabotulinum 
toxin A group reported significant reductions in urgency 
incontinence episodes, with 15.9%, 29.8%, 37.0%, 40.8%, 
50.9%, and 57.1% of patients reporting no incontinence or 
“total continence” in the placebo, 50, 100, 150, 200, and 
300 unit groups, respectively (Rovner et al., 2011). 

Patients in all five onabotulinum toxin A groups showed 
improvements in urodynamic parameters. Maximum cys- 
tometric capacity increased in each group, with the great- 
est increase from baseline in the 300 unit group. The mean 
volume at first involuntary detrusor contraction was greater 
than placebo in patients receiving >100 units. Increases in 
bladder compliance occurred at 12 weeks in patients receiv- 
ing 100, 200, and 300 units, and only 200 units at 36 weeks 
(Rovner et al., 2011). 


Complications 


In both neurogenic and idiopathic patients, the most com- 
mon adverse side effects of botulinum toxin are urinary tract 
infections and urinary retention. In the neurogenic studies, 
there was a dose-dependent increase in PVR volume, result- 
ing in commencement of intermittent catheterization in 
30% to 50% of patients versus 20% of patients in the placebo 
arm (Ginsberg et al., 2012; Cruz et al., 2011). In patients 
with idiopathic OAB, those receiving doses >150 units 
had a higher rate of PVR volumes >200mL (Rovner et al., 
2011). Urinary retention with PVR >200 mL was reported 
in 2.3%, 8.9%, 18.2%, 28.0%, 23.1%, and 25.5% in the pla- 
cebo and 50, 100, 150, 200, and 300 unit groups with 0%, 
3.6%, 9.1%, 12.7%, 18.2%, and 16.4%, respectively, placed 
on ISC (Rovner et al., 2011). 

In several small studies, after repeat injection of botuli- 
num toxin A, 16% to 35% of patients had detectable botuli- 
num antibodies (Hegele et al., 2011; Schulte-Baukloh et al., 
2011). In 10% of these studies, patients with antibodies 
failed to respond clinically to repeat injections. 

Contraindications to botulinum injections include 
patients with hypersensitivity to any botulinum toxin, acute 
urinary tract infection, and patients with acute urinary 
retention who are not currently able or willing to perform 
clean ISC. 

Botulinum toxin should also be avoided in patients who 
are breastfeeding, pregnant, or using other agents that poten- 
tiate neuromuscular weakness. Patients should be informed 
that some formulations of botulinum toxin include stabiliz- 
ers such as albumin derived from human blood, which may 
be of religious or cultural significance. 


Cost Effectiveness 


In our era of cost containment, the role of many therapies 
is dictated by cost. Padmanabhan et al. (2011), comparing 
the 5-year cost of intradetrusor injection of botulinum toxin 
using 300units every 6months to AC for refractory neu- 
rogenic detrusor overactivity, found botulinum toxin more 
cost-effective if the assumed complication rate of AC was 
40% ($25,041.23 versus $28,065, respectively). However, 
if the complication rate of AC was <14% or the efficacy of 
botox <5 months, AC became less expensive. 

Another study comparing sacral neuromodulation, botu- 
linum toxin A, and AC found the 3-year cumulative cost to 
be $26,269, $7651, and $14,337, respectively. All cost end- 
points for sacral neuromodulation were greater than those 


for botulinum toxin and AC (Watanabe et al., 2010). 


Conclusion 


There have been significant advances in the treatment of 
impaired bladder compliance and a trend away from major 
surgical interventions like AC. Both InterStim and intravesi- 
cal injection of botulinum toxin A have demonstrated efficacy 
and safety as minimally invasive options for both neurogenic 
detrusor overactivity and idiopathic detrusor overactiv- 
ity. However, when discussing these less invasion options, 
patients should be counseled regarding the various contrain- 
dications, costs, and their potential unwillingness or inability 
to perform intermittent catheterization. AC, although more 
invasive, does provide patients who are not candidates or who 
have failed less invasive therapies with a successful way to 
improve bladder control due to impaired compliance. 
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Conclusion 


Voiding dysfunction or lower urinary tract emptying dys- 
function are terms used to describe various problems 
related to the bladder’s ability to store or empty urine. Uri- 
nary retention is the inability to complete the voiding phase 
of the micturition cycle and, often times, represents the 
end stage of voiding dysfunction. Physiologically, a prob- 
lem may be present with either the bladder or the outlet, 
or both. Voiding dysfunction manifest clinically in lower 
urinary tract symptoms (LUTS), which may be associated 
with storage symptoms (frequency, urgency, nocturia, and 
urge incontinence) as well as voiding or emptying symp- 
toms (decreased force of stream, incomplete emptying, 
hesitancy, straining to void, and urinary retention). Symp- 
toms do not always correlate with the underlying pathol- 
ogy, and numerous conditions may exist that can have 
similar presentations. Thus, an often-challenging task is to 
determine the specific etiology involved. In many cases, 
voiding dysfunction can be explained by neurologic dis- 
ease; learned behavioral patterns; or congenital, acquired, 
or iatrogenic bladder outlet obstruction. In this chapter, 
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we discuss normal voiding and the pathophysiologic events 
that lead to abnormal voiding as well as the evaluation, 
management, and treatment of women with specific types 
of voiding problems. 


Neurophysiology of Micturition 


Normal voiding is accomplished by activation of the “mic- 
turition reflex” (Fig. 38.1). This is a coordinated event 
characterized by relaxation of the striated urethral sphinc- 
ter, contraction of the detrusor, opening of the vesical neck 
and urethra, and onset of urine flow (Fig. 38.2). This reflex 
is integrated in the pontine micturition center, which is 
located in the rostral brainstem. Also, a sacral micturition 
center is located at S2-S4, through which the bladder can 
contract independent of cortical and pontine input. The 
pontine micturition center, through its neural pathways to 
the sacral micturition center, is responsible for coordinated 
and voluntary voiding. Both the autonomic and somatic 
nervous systems play a crucial role in lower urinary tract 
function. Normal voiding occurs when the bladder responds 
to threshold tension via its mechanoreceptors. To avoid a 
random occurrence, central nervous system inhibitory and 
facilitatory pathways are involved in coordination of urine 
storage and micturition. 

Micturition depends on a spinobulbospinal reflex that 
is relayed through the pontine micturition center, which 
receives input from the cerebral cortex, cerebellum, basal 
ganglia, thalamus, and hypothalamus, and is the final com- 
mon pathway to the bladder motor neurons. Much of the 
input from suprapontine centers appears to be inhibitory, 
although some facilitatory influences are involved. The 
central facilitatory areas are the anterior pons and the pos- 
terior hypothalamus, and the inhibitory areas include the 
cerebral cortex, basal ganglia, and cerebellum. The cerebel- 
lum also is implicated in the maintenance of tone in the 
pelvic floor striated musculature and coordination between 
bladder contraction and periurethral striated muscle relax- 
ation. Because most of the suprapontine input to the pon- 
tine micturition center is inhibitory, interruption of this 
input (e.g. cerebrovascular accident, cerebral atrophy, Par- 
kinson’s disease, brain tumor, or trauma) often results in 
uncontrolled detrusor activity, or involuntary contractions, 


Sacral 
FIGURE 38.1 Diagram of reflex pathways involved cord 
in micturition (according to deGroat). Plus and 
minus signs indicate, respectively, excitatory and 
inhibitory synaptic actions. The connection of the 
pontine micturition center to the cerebral cortex 
and other suprapontine areas is not pictured. (From 
deGroat WC, Booth AM. Physiology of the urinary 
bladder and urethra. Ann Intern Med. 1980;92 [part 
2]:312.) 


but the “micturition reflex” is intact. When micturition is 
affected by suprapontine lesions, it usually is characterized 
by loss of voluntary control. Uninhibited detrusor contrac- 
tions may result in urinary frequency, urgency, and urgency 
incontinence. Little risk is present for developing urologic 
complications because voiding is coordinated, even if not 
voluntary. 

Anatomically, the two areas of the spinal cord respon- 
sible for transmitting afferent input from the lower urinary 
tract are the lateral spinothalamic tracts and the posterior 
columns. The lateral spinothalamic tracts contain ascend- 
ing routes responsible for transmitting bladder sensation 
and triggering voiding. Proprioceptive sensory impulses gen- 
erated in bladder muscle and periurethral striated muscle 
travel in the posterior columns. The pontine micturition 
center controls efferent input to the bladder and external 
sphincter via two separate regions. The medial region is 
responsible for motor input to the bladder detrusor muscle 
via the reticulospinal tracts to the sacral intermediolateral 
cell groups, which contain preganglionic parasympathetic 
neurons that form the motor supply of the bladder detru- 
sor muscle. Electrical stimulation of this region results in a 
prompt decrease in pelvic floor electromyography (EMG) 
and urethral pressure followed by an increase in intravesi- 
cal pressure (normal voiding). The lateral region has spe- 
cific projections via the corticospinal tracts to the nucleus 
of Onuf in the sacral cord that contains motor neurons 


CHAPTER 38 Voiding Dysfunction and 


Micturition 
“center” 


Sympathetic 
ganglion 


\ Urinary 
| bladder 


P arasympathetic 
ganglion 


Urethral 
sphincter 


P udendal nerve 


innervating the pelvic floor, including the urethral and anal 
sphincters. Electrical stimulation of this region results in a 
rapid increase in urethral pressure and pelvic floor EMG 
but little increase in intravesical pressure (normal storage). 
Storage and evacuation of urine depend on neural inte- 
gration at the peripheral, spinal cord, and central levels. 
Normally, bladder distension will cause low-level firing of 
afferent nerves. This will cause a reflex inhibitory response 
to the bladder via the hypogastric nerve and stimulatory 
response to the external sphincter from the pudendal nerve. 
With further distension, myelinated A delta fiber afferents 
are activated. Afferents travel up the spinal cord to the pon- 
tine micturition center. Here central input, mostly inhibi- 
tory, is received from suprapontine centers. If voiding is not 
desired, the voiding reflex can be suppressed or interrupted. 
If voiding is desired, efferent output to the pelvic plexus at 
S2-S4 via the spinal cord is initiated. Ultimately, the stimu- 
latory message is sent to the bladder via the pelvic nerve. At 
the same time, inhibitory messages are sent to the hypogas- 
tric and pudendal pathways to allow for relaxation of the 
urethral sphincter mechanisms and coordinated voiding. 
Peripheral innervation to the bladder and to the internal 
and external sphincters is provided by the pelvic, hypogas- 
tric, and pudendal nerves. Parasympathetic efferent input to 
the bladder arises from the intermediolateral cell column of 
S2-S4 and travels as preganglionic fibers via the pelvic nerve 
to the pelvic plexus located on both sides of the rectum, 
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FIGURE 38.2 Urodynamic representation of the micturition cycle. Note that during filling, there is an involuntary detrusor contraction (arrow) 
accompanied by an increase in external sphincter activity as portrayed by increased EMG activity (guarding reflex). The contraction abates and 
then normal voiding ensues (/arge arrow). First there is relaxation of the external sphincter followed by a voluntary detrusor contraction and 
initiation of flow. Pyes intravesical pressure; Paba, intra-abdominal pressure; Paet: detrusor pressure; EMG, electromyography. 


from which postganglionic fibers innervate the bladder. 
Efferent sympathetic nerves to the bladder and urethra arise 
from the intermediolateral cell column of T10 to L2 as pre- 
ganglionic fibers that travel to ganglia located in the supe- 
rior hypogastric plexus, from which arises the hypogastric 
nerve that contains the postganglionic sympathetic efferents 
to the bladder and urethra. The pudendal nerve carries the 
somatic input from S2-S4 to the external sphincter. Injury 
to any one of these nerves or their branches can result in a 
partial or complete denervation to the involved end organ. 

In addition to the neurophysiologic pathways, other phar- 
macologic factors are responsible for normal voiding. The 
lower urinary tract is rich in both cholinergic and adrener- 
gic receptors. Muscarinic receptors are located in the body 
of the bladder, and they are activated by parasympathetic 
release of acetylcholine to induce bladder contraction. Also, 
B-adrenergic receptors in the detrusor cause relaxation in 
response to increasing levels of cyclic adenosine monophos- 
phate (AMP). In the bladder neck and urethra, a-adrenergic 
receptors are responsible for the increase in urethral tone 
and rise in intraurethral pressure during sympathetic stim- 
ulation via the hypogastric nerve. Each of these receptor 
types have been the basis for pharmacologic therapy of the 
lower urinary tract. 

Anticholinergic medications are able to cause blad- 
der relaxation by inhibiting parasympathetic pathways; 
B-adrenergics also treat bladder overactivity by stimulating 


adrenoreceptors and causing detrusor relaxation. a-Agonist 
medications have been used to treat stress incontinence, 
whereas a-blockers can facilitate emptying by relaxation of 
bladder neck smooth muscle. 


Evaluation of Voiding Dysfunction 


The evaluation of LUTS in women starts with a thorough 
history. This evaluation should focus on the type and dura- 
tion of symptoms and voiding habits over time. Historically, 
women have fewer reported classic voiding (obstructive) 
symptoms and more commonly present with storage symp- 
toms and recurrent urinary tract infections. Two studies 
showed that with a high index of suspicion and careful 
questioning, voiding symptoms are noted in 71% to 76% and 
storage symptoms were present in 79% to 92% of women 
with obstruction; therefore, voiding symptoms should not 
be overlooked when evaluating a woman who complains pri- 
marily of storage symptoms. A complete medical, surgical, 
obstetric-gynecologic, neurologic, and urologic history may 
uncover possible causes of voiding dysfunction. Any inciting 
events, such as surgeries to treat stress urinary incontinence 
or any other procedures in the lower urinary tract or vagina, 
must be recorded. Other relevant information that may aid 
in the diagnosis of obstruction include history of urogenital 
trauma, history of falls, back injury or surgery, and other 
medical conditions, such as diabetes, neurological disease, 


or psychiatric conditions. If symptoms are acute, and the 
cause of acute obstruction is clear, treatment should be 
directed toward alleviating the obvious cause. 

A complete physical examination is the next part of the 
evaluation. Particular attention should be paid to a system- 
atic examination of the vagina and pelvis. An abdominal 
examination is performed to evaluate for abdominal masses 
or a palpable distended bladder. A pelvic examination then 
is performed and one should first inspect the vagina and 
the mucosa for atrophic changes as well as signs of previous 
surgery. Also, the position of the urethra, bladder neck, and 
bladder can be observed at rest and with straining by visual- 
izing the amount of anterior vaginal wall prolapse (urethral 
hypermobility and cystocele). One should also inspect for 
existing scars or hypersuspension caused by prior surgery. We 
like to use the posterior blade of a small vaginal speculum to 
retract the posterior vaginal wall to view the anterior wall. 
The cotton swab test can be used to quantify urethral hyper- 
mobility when needed. The patient also should be assessed 
for stress urinary incontinence (SUI). Palpation of the uterus 
and cervix should be done to determine its size, length, posi- 
tion, and support. In cases of previous hysterectomy, vagi- 
nal apex support and position are important, as uterine or 
apical prolapse are potential causes of obstruction. After 
examination of the anterior vaginal wall is completed, the 
blade of the speculum is rotated and the posterior wall and 
apex are inspected. Similar to other forms of prolapse, pos- 
terior vaginal wall prolapse, including rectocele and posterior 
enterocele, can cause obstruction and voiding dysfunction. 
Bimanual examination is performed to determine the pres- 
ence of pelvic masses, including fibroids, which may cause or 
contribute to voiding dysfunction. In patients with LUTS, a 
focused neurologic examination should also be performed. 
Attention should be paid to the sensory and motor functions 
of the sacral nerves, including anal sphincter tone, perineal 
sensation, bulbocavernosus and anal wink reflexes, strength 
of lower extremities, and deep tendon reflexes (knee and 
ankle). A careful neurologic examination may help to con- 
firm suspected disease or uncover an unknown lesion. 

In addition to history and physical examination, several 
simple tests can give insight to the cause of LUTS. Urine 
analysis (and culture, if indicated) is done routinely. Intake 
and voiding diaries are helpful in quantifying symptoms, void- 
ing habits, and urine production. Diaries log the number of 
incontinence episodes and type (stress, urgency, insensible). 
Noninvasive uroflow and postvoid residual (PVR) volume 
determination are good noninvasive methods to screen for 
disorders of bladder emptying. A PVR can be performed ini- 
tially as a safety measure to rule out urinary retention, and 
later to monitor changes in bladder emptying ability, espe- 
cially in neurologic conditions as patients may develop bladder 
dysfunction at any point in their disease process. There is no 
agreed standard definition as to what constitutes an elevated 
PVR. According to some studies, the suggested upper limit of 
a normal PVR (within 60 s of voiding) in both symptomatic 
and asymptomatic women is 30 mL. No data suggest, how- 
ever, that higher residuals indicate pathological conditions. 

Acute urinary retention is defined as a painful, palpable, 
or percussible bladder, when the patient is unable to pass 
urine. Chronic retention is less specifically defined but usu- 
ally presents as an elevated PVR of at least 250 mL with- 
out pain. Individuals with chronically elevated PVRs may be 
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at increased risk of ongoing voiding dysfunction, recurrent 
UTIs, and stone disease. Many such woman, however, are 
asymptomatic and do not require treatment. Although these 
tests cannot determine why voiding or emptying are abnor- 
mal (e.g. impaired detrusor function versus obstruction), 
they may prompt more thorough evaluation with urodynam- 
ics. Thus, we consider uroflow and PVR to be good “screening 
tests” for a woman with LUTS. A single elevated PVR should 
not be considered the sole assessment of bladder emptying 
ability and should be confirmed with a repeat measurement 
on a follow-up visit. PVR should be interpreted with respect 
to LUTS, urinary tract infections, and other symptoms. 

Urodynamic testing can be an important part of the evalu- 
ation of female voiding dysfunction. We must keep in mind, 
however, that it is only part of the evaluation and should be 
used in conjunction with the rest of the assessment. The cli- 
nician always should have a clear question and an indication 
for performing the test. Urodynamic findings inconsistent 
with patient symptoms or events occurring during testing 
that are uncharacteristic for patients during normal activity 
outside of the urodynamics lab should be interpreted with 
caution. Urodynamics should be performed in patients in 
whom additional information is needed to make an accurate 
diagnosis and to guide therapy, and in those patients whose 
condition has the potential to cause deleterious and irrevers- 
ible effects on the upper urinary tract. We always advocate 
the use of multichannel urodynamics with simultaneous 
measurement of vesical and abdominal pressure and “sub- 
tracted” detrusor pressure during filling and voiding (see Fig. 
38.2). The filling phase (cystometry) evaluates the ability of 
the bladder to effectively store urine by assessing bladder 
stability, compliance, and capacity. Pressure-flow analysis 
during voiding assesses bladder contractility and bladder 
outlet resistance. EMG may be added to assess the pelvic 
floor musculature and external sphincter. We have found 
videourodynamics to be particularly helpful in confirming 
and localizing anatomic or functional obstruction. The addi- 
tion of simultaneous fluoroscopy of the bladder outlet often 
will discover an obstruction that would not have been made 
on the basis of multichannel urodynamics alone. When vid- 
eourodynamics are not available, radiographic evaluation 
may be useful in evaluating incomplete emptying. A stand- 
ing cystogram in the anterior—posterior, oblique, and lateral 
positions, with and without straining, assesses the degree of 
bladder and urethral prolapse and displacement or distor- 
tion of the bladder. A voiding cystourethrogram examines 
the bladder, bladder neck, and urethra during voiding and is 
important in uncovering anatomic abnormalities. 

The final component of the evaluation is cystourethros- 
copy, when indicated. Scarring, kinking, or deviation of the 
urethra, especially after previous surgery, may be respon- 
sible for incomplete emptying. Rarely, a urethral lesion 
responsible for obstruction may be found. Examination 
of the bladder may uncover a lesion, such as a tumor or 
stone, and may identify some of the changes associated with 
obstruction or retention. 


Classification of Voiding Dysfunction 


Many complex classification systems for voiding dysfunc- 
tion have been proposed; however, they failed to be diag- 
nostically and therapeutically oriented. We have found the 
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functional classification system, proposed by Wein (1981) 
to be the most useful (see Chapter 8). This simple and 
practical classification system can be applied easily to our 
diagnostic criteria (e.g. urodynamics). Of equal impor- 
tance is that treatment options can be chosen based on the 
classification. 

Wein’s functional classification is based on a simple 
understanding of urine storage and micturition. For normal 
urine storage and voiding to occur, there must be proper 
and coordinated functioning of the bladder and the bladder 
outlet. Therefore, in simple anatomic terms, voiding dys- 
function can be divided into the following: 

1. Bladder dysfunction 

2. Bladder outlet dysfunction (bladder neck, urethra, 

external sphincter) 

3. Combined bladder and outlet dysfunction 

Similarly, the effects of these problems can be classified 
as follows: 

1. Failure to store urine 

2. Failure to empty urine 

3. Failure to store and empty urine 

In this chapter we will divide voiding dysfunction into 
neurogenic and non-neurogenic. Furthermore, non-neuro- 
genic voiding dysfunction and obstruction can be classified 
as functional or anatomic. 


Specific Causes of Voiding Dysfunction: 
Diagnosis and Management 


Treatment of voiding dysfunction is dictated by several fac- 
tors. First and foremost is the potential danger to the upper 
urinary tract associated with high storage pressures or the 
inability to empty the bladder. Although this is less com- 
mon in non-neurogenic voiding dysfunction, any evidence 
of upper tract decompensation (hydronephrosis, elevated 
blood urea nitrogen (BUN) and creatinine) should be given 
immediate attention as well as infectious complications sec- 
ondary to alterations in storage and emptying. Second is the 
degree of bother of the patient’s symptoms. In many cases, 
empiric therapy is an appropriate first step for patients 
with symptoms caused by voiding dysfunction. In patients 
without neurologic disease whose primary complaints are 
storage symptoms, such as urgency incontinence, and who 
demonstrate an ability to empty, behavioral modification, 
with pelvic floor muscle exercises or anticholinergic ther- 
apy, is effective in relieving overactive bladder symptoms. 
In cases in which the diagnosis is not clear, or when abnor- 
mal emptying and storage coexist, a more comprehensive 
workup is necessary. The same can be said when empiric 
therapy fails and for cases of voiding dysfunction associated 
with neurologic disease. In all such cases, further investiga- 
tion with urodynamic testing usually is indicated. In these 
instances, the specific cause for the voiding dysfunction will 
direct treatment. On the other hand if a patient presents 
with an incidental finding of an elevated PVR, no further 
testing might be necessary. For example, an asymptomatic 
60-year-old patient presents to the office after a routine 
pelvic ultrasound that showed a PVR of 200 mL. If there is 
no compromise of the upper urinary tract and she remains 
asymptomatic, further diagnostic studies are unneces- 
sary and monitoring of annual or biannual PVRs may be 
sufficient. 


Table 38.1 Anatomic and Functional Causes of 


Bladder Outlet Obstruction in Women 


Functional 
Anatomic Obstruction Obstruction 
A. Inflammatory processes A. Detrusor-sphincter 
. Bladder neck fibrosis dyssynergia 


. Urethral stricture 
. Atrophic vaginitis/urethritis 
Meatal stenosis 
. Urethral caruncle 
. Skene’s glandcyst/abscess 
. Urethral diverticulum 
B. Pelvic prolapse B. Dysfunctional 
1. Anterior vaginal wall voiding 
2. Posterior vaginal wall 
3. Apical (uterine prolapse/ 
enterocele) 
C. Neoplastic C. Primary bladder 
1. Urethral carcinoma neck obstruction 
2. Bladder carcinoma 
D. Gynecologic (extrinsic compression) 
1. Retroverted uterus 
2. Lower segment uterine or 
vaginal leiomyoma 
3. Cervical carcinoma 
4. Vaginal carcinoma 
E. latrogenic obstruction 
1. Anti-incontinence procedures 
2. Multiple urethral dilations 
3. Urethral excision/reconstruction 
F. Miscellaneous 
1. Urethral valves 
2. Ectopic ureterocele 
3. Bladder calculi 


Distinguishing neurogenic from non-neurogenic voiding 
dysfunction is important. The latter category often is caused 
by bladder outlet obstruction, and this may be functional, 
as in the case of dysfunctional voiding and primary blad- 
der neck obstruction (PBNO), or anatomic, as in the case 
of pelvic floor prolapse or postsurgical obstruction. A com- 
plete list of causes for bladder outlet obstruction in women 
is shown in Table 38.1. 


Neurogenic Voiding Dysfunction 


Neurologic disease can have a profound effect on the uri- 
nary system, including both the upper and lower urinary 
tracts. The term neurogenic bladder often is used loosely by 
many clinicians to describe a bladder that is not functioning 
normally. In the evaluation of neurogenic voiding dysfunc- 
tion, however, it is critical to be more precise in assessment 
and classification. Ideally, this should be done in such a way 
that it is practical for diagnostic and therapeutic purposes. 
Thus, the goals in assessing patients with neurogenic voiding 
dysfunction are to determine the effects of the neurologic 
disease on the entire urinary tract (not just the bladder) in 
such a way that treatment can be implemented to relieve 
symptoms and prevent damage to the upper and lower uri- 
nary tracts. For the patient with neurologic disease, it is 
important to keep in mind that symptoms do not always 
indicate the magnitude to which the disease is affecting the 
urinary tract. 

Pathologic processes at each level of innervation must be 
considered when evaluating neurogenic voiding dysfunction 


Table 38.2 Summary of Lesions Found in 


Common Neurogenic Voiding Dysfunctions 


Suprapontine Lesions 


Cerebrovascular disease 
Parkinson’s disease 

Multiple sclerosis 

Concussion 

Brain tumor 

Shy-Drager syndrome 

Normal pressure hydrocephalus 
Pontine-Sacral Spinal Cord Lesions 
Spinovascular disease 

Spinal cord injury 

Multiple sclerosis 

Spinal dysraphism 

Tabes dorsalis 

Spinal stenosis 

Disk herniation 
Infrasacral/Peripheral Lesions 


Sacral agenesis 

Low spinal cord tumor 
Spinal cord injury 
Cauda equina syndrome 
Diabetes 

Herpes zoster 

Tabes dorsalis 

Radical pelvic surgery 


(Table 38.2). For example, suprapontine lesions (e.g. cere- 
bral atrophy, cerebrovascular accident, brain tumor) cause 
a loss of inhibitory input to the pontine micturition center 
and subsequent uninhibited bladder contractions, a con- 
dition known as neurogenic detrusor overactivity (NDO) 
when evaluated urodynamically. Sphincter reflexes are not 
affected, and coordinated uninhibited voiding can result. 
Clinically, interruption of the neural pathways connect- 
ing the pontine micturition center to the sacral micturition 
center (e.g. spinal cord injuries or lesions) usually results in 
uninhibited bladder contractions (NDO) and a dyscoordina- 
tion of the bladder and external sphincter or detrusor-exter- 
nal sphincter dyssynergia (DESD). DESD is characterized by 
simultaneous contractions of the detrusor and external sphinc- 
ter. The involuntary detrusor contractions cause incontinence 
and the involuntary sphincter contractions cause bladder 
outlet obstruction and retention of urine. DESD commonly 
is seen in suprasacral spinal cord lesions, multiple sclerosis, 
and, less commonly, myelodysplasia and lumbosacral lesions. 
Untreated DESD can result in high storage pressures (loss 
of bladder compliance) and resultant vesicoureteral reflux, 
hydronephrosis, urolithiasis, and urosepsis. Suprasacral spinal 
cord lesions also result in loss of supraspinal input; however, 
the complexity of the resulting voiding dysfunction depends 
on the level and completeness of the lesion. Also, input to the 
sphincters may be disrupted, resulting in DESD. A complete 
spinal cord lesion will result in the development of a spinal 
micturition reflex. Unmyelinated C-fiber afferents excite 
sacral neurons and trigger a bladder contraction. In addition, 
incomplete relaxation of the external sphincter results in a 
contraction against a closed outlet with subsequent inconti- 
nence, retention, and eventual loss of bladder compliance. 
Infrasacral cord and peripheral nerve lesions generally 
result in loss of sensation and contractility, leading to a large, 
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supercompliant, areflexic bladder. The external sphincter 
also may be deficient of contractility and tone. Neurologic 
lesions that interfere with the sacral reflex arc most often 
are seen in patients with myelodysplasia, diabetic cystopa- 
thy, ruptured discs, and low spinal cord tumors. These can 
take away reflex voiding and result in various degrees and 
combinations of detrusor areflexia, intrinsic urethral sphinc- 
ter deficiency, and paralysis of the external urethral striated 
sphincter. 

The previous information is useful when evaluating 
patients with particular neurologic diseases. The clinician, 
however, must always keep in mind that neurologic lesions 
can be “complete” or “incomplete.” Therefore, the exact 
manifestations of a particular disease or lesion on a given 
patient are not absolutely predictable. A complete urologic 
evaluation for patients with neurogenic voiding dysfunction 
therefore is recommended. A good example of a disease 
that can affect the lower urinary tract in various ways is 
multiple sclerosis (MS), a disease common in young and 
middle-age women. Because it can affect multiple areas of 
the central nervous system (CNS), urologic presentations 
include detrusor overactivity, detrusor overactivity with 
DESD, and impaired or absent detrusor contractility. The 
latter two presentations can lead to problems with bladder 
emptying. 

The urodynamic evaluation often is integral to the 
evaluation of patients with suspected neurologic voiding 
dysfunction (Fig. 38.3). Incontinence, which is a common 
complaint of these individuals, can be secondary to NDO, 
decreased compliance, or sphincteric incompetence. Only 
multichannel urodynamics will demonstrate the underly- 
ing pathology. Incontinence secondary to bladder dysfunc- 
tion may be measured by the detrusor leak-point pressure 
(DLPP). The DLPP is the amount of detrusor pressure, in 
the absence of an increase in abdominal pressure, required 
to cause incontinence. The DLPP is a direct reflection of 
the amount of resistance provided by the external sphinc- 
ter; the higher the resistance, as with DESD, the higher the 
DLPP. High storage pressures are potentially dangerous to 
the upper urinary tract. McGuire et al. (1981) showed that 
storage pressures of greater than 40 cm H3O are associated 
with upper tract deterioration. Incontinence secondary to 
sphincteric dysfunction can be measured by the Valsalva 
or abdominal leak-point pressure (ALPP). The ALPP is the 
amount of abdominal pressure, in the absence of a rise in 
detrusor pressure that is required to cause incontinence. 
The ALPP commonly is used to evaluate sphincteric func- 
tion in women with SUI. Normally, no physiologic abdomi- 
nal pressure will cause incontinence and therefore there is 
no normal ALPP. Unlike the DLPP, a high ALPP does not 
indicate potential danger to the upper tracts. 

The evaluation of upper urinary tract function is 
extremely important in women with neurogenic voiding 
dysfunction, especially in those who are at risk for develop- 
ing upper tract problems (see previous text). A renal ultra- 
sound can be performed to assess hydronephrosis. Renal 
scans are best to evaluate renal function. When videourody- 
namic studies are not available, it may be necessary to per- 
form a cystogram or voiding cystourethrogram to assess for 
vesicoureteral reflux. Also, patients with neurogenic voiding 
dysfunction, especially if not properly managed in the past, 
are at risk for developing calculi. Calculi have been reported 
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FIGURE 38.3 Urodynamic tracing of a young woman with incontinence and a tethered cord. Note the first involuntary detrusor contraction 
(IDC) accompanied by increased EMG activity and incontinence as registered on the flow curve. The second IDC is also accompanied by 
increased EMG activity that does not abate when the patient is asked to voluntarily void. Diagnosis: neurogenic detrusor overactivity with detru- 
sor external sphincter dyssynergia. Pyes intravesical pressure; Papa, intra-abdominal pressure; Paet: detrusor pressure; EMG, electromyography. 


to occur in more than 30% of patients managed with an 
indwelling catheter. 

The main goal in the treatment of neurogenic voiding dys- 
function, first and foremost, is to protect the upper urinary 
tract from damage. This is accomplished by maintaining low 
storage pressures in the lower urinary tract. Second, the goal 
is to alleviate the patient’s bothersome LUTS. Treatment 
should be directed at the specific problems uncovered dur- 
ing the evaluation, regardless of the neurologic disease asso- 
ciated with those problems. 

For detrusor overactivity and impaired compliance, anticho- 
linergic medications are the first line of therapy and, in many 
cases, are sufficient to lower storage pressures and reduce or 
abolish involuntary detrusor contractions. Sometimes, espe- 
cially in cases of outlet dysfunction, like DESD, anticholinergic 
medication also will produce urinary retention, necessitating 
the patient to perform intermittent self-catheterization. 

In 2011 U.S. Food and Drug Administration approved 
intradetrusor onabotulinumtoxinA (Botox) in patients with 
NDO as a treatment alternative in patients who are refractory 
to antimuscarinic medications. Cruz et al. (2011) completed 
a multicenter randomized, double-blind, placebo-controlled 
trial to determine the effects of Botox on NDO. They trans- 
urethrally injected 200 or 300 U of Botox, or placebo, in 
the detrusor muscle at 30 sites, avoiding the trigone. At 
6 weeks, mean weekly urinary incontinence episodes were 
reduced significantly in both the 200 U (—21.8) and 300 U 
(—19.4) groups compared with placebo (—13.2; p < 0.01 


for both doses). There were no differences between doses. 
Of the patients receiving 200 and 300 U, 38% and 39.6%, 
respectively, were fully continent compared with 7.6% of 
patients who received placebo. Equally important in patients 
with neurologic disease, there were also significant improve- 
ments in urodynamic parameters: maximum cystometric 
capacity (MCC), maximum detrusor pressure during first 
involuntary detrusor contraction (pdetmaxIDC), and total 
score on the incontinence quality of life score (I-QOL). The 
median time to retreatment was 42.1 weeks for patients who 
received both doses of Botox compared with 13.1 weeks for 
placebo (12 weeks was the earliest that retreatment could 
be requested). The most common adverse effects were 
localized urological events, including urinary tract infec- 
tions, which were similar in both the treatment and placebo 
groups. PVR significantly increased following injection of 
Botox in a dose-dependent manner. In patients who received 
200 and 300 U, 30% and 42% initiated clean intermittent 
self-catheterization (CIC) compared with 12% of patients 
who received placebo. There was no difference in efficacy 
or duration of effect between doses. Urinary retention was 
highest in the 300 U group with no additional clinical benefit. 

Ginsberg et al. (2012) completed a double-blind, pla- 
cebo-controlled trial to evaluate the efficacy of Botox in 
patients with NDO. They enrolled a total of 416 patients 
who received placebo, 200 or 300 transurethral units of 
Botox. After 6 weeks of treatment, the number of urinary 
incontinence episodes decreased by 67% in the 200 U group 


and 74% in the 300 U group compared with 30% by pla- 
cebo. Furthermore, 36% and 41% of patients in the 200 and 
300 U group achieved dry status. Each dose increased maxi- 
mum cystometric capacity, pdetmaxIDC, and total I-QOL 
score compared with placebo. Median time to retreatment 
was 256 days for 200 units, 254 days for 300 units, and 
92 days for placebo. The most common side effects were 
urinary tract infections and urinary retention. Of patients 
who did not catheterize at baseline, 10% of placebo patients, 
35% of the 200 U dose, and 42% of the 300 U dose initi- 
ated catheterization. Efficacy and duration effect were simi- 
lar for both doses, but the 300 U dose showed an increase 
risk in urinary retention, elevated PVR, and need to cath- 
eterize in patients who did not catheterize before the study, 
therefore all patients considering this treatment should be 
able and willing to perform CIC. Carlson et al. (2013) fur- 
ther showed that Botox is a cost-effective intervention for 
women with NDO compared with best supportive care. 

Neuromodulation for neurogenic bladder dysfunction 
is under investigation. One of the first reports on the use 
of sacral neuromodulation (SNM) was published by Bosch 
and Groen (1998) who reported that this was a promis- 
ing treatment alternative in MS patients with refractory 
urgency incontinence. Lombardi and Del Popolo (2009) 
evaluated 24 incomplete spinal cord injury (SCI) patients 
to determine the safety and efficacy of SNM in neurogenic 
LUTS. Out of the 13 patients with urinary retention, nine 
patients reported at least a 50% improvement in their void- 
ing parameters compared to baseline including a decrease in 
frequency and urge incontinence episodes. Follow-up was at 
61 months, and at the end of the study, five (38%) patients 
no longer needed to use clean intermittent self-catheteriza- 
tion for bladder emptying. Among the 11 patients with OAB 
included in the study, there was an 80% reduction in mean 
daytime frequency. Additional parameters with significant 
improvement included episodes of urge incontinence, mean 
pad use, mean voided volume, and nocturia. 

In 2002, Scheepens et al. evaluated patients with refrac- 
tory urgency incontinence to look at predictive tools of suc- 
cess for percutaneous nerve evaluation (PNE). Of the 211 
patients, 11.4% patients had neurogenic bladder dysfunc- 
tion, and these patients had a four times lower chance of a 
positive PNE compared with patients with non-neurogenic 
voiding dysfunction. Hohenfellner et al. (2001) evaluated 
the effect of SNM in 27 patients with neurogenic disor- 
ders, including patients with NDO, bladder storage failure 
due to detrusor areflexia, and a mixed condition. In 30% 
of patients, lower urinary tract dysfunction symptoms were 
attenuated by 50% for 54 months. After this period all 
implants, except one, were ineffective. 

Kessler et al. (2010) conducted a systematic review 
and meta-analysis to evaluate the role of SNM in neuro- 
genic lower urinary tract dysfunction. They included 357 
patients in 26 heterogeneous independent studies with a 
low evidence levels and no randomized trials included in 
the analysis. The pooled success rate was 68% for the test 
phase, 92% for permanent SNM, pooled adverse event rate 
of 0% for the test phase, 24% for the permanent SNM, and 
a mean follow-up period of 26 months. They concluded 
that SNM may be effective and safe; however, further well- 
designed studies are required prior to widespread use of 
SNM in neurogenic patients. If used, it is important to keep 
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in mind that certain patients may have significant spinal and 
sacral abnormalities that may limit the ability of the surgeon 
to place the lead. Additionally, magnetic resonance imag- 
ing (MRI) is a valuable tool in neurological disorders and 
MRI currently is contraindicated in patients with implant- 
able devices, except for MRI of the head using a radiofre- 
quency transmit-receive head coil only. There are possible 
hazards of performing MRI with an implantable device, and 
the patient’s neurologists should be informed and be part of 
the decision-making process. Finally, patients with ominous 
urodynamic findings must be monitored carefully to ensure 
that upper tract deterioration is avoided. 

The application of pudendal nerve stimulation for 
patients with NDO is under investigation. Spinelli et al. 
(2005) evaluated 15 patients with NDO using pudendal 
nerve stimulation with a small qudrapolar device. Prelimi- 
nary results were encouraging, showing a decrease in the 
number of incontinent episodes from 7 to 2.6; eight patients 
became continent and two patients reduced the number of 
incontinent episodes by 50% during screening. In 2008, 
Opisso et al. compared patient-controlled pudendal nerve 
stimulation with automatic stimulation to treat NDO. They 
enrolled 67 patients with neurological disorders, and 17 
completed the protocol, which included three different 
cystometries: one without stimulation, one with automatic- 
controlled stimulation based on detrusor pressure, and one 
with patient-controlled stimulation. Automatic and patient- 
controlled stimulation showed a larger bladder capacity and 
inhibited more than an average of two detrusor contractions 
per filling. The authors concluded that patient-controlled 
stimulation could be feasible in selected patients to treat 
NDO, although further studies are needed. 

Posterior tibial nerve stimulation also is under investiga- 
tion. De Séze et al. (2011) used transcutaneous posterior 
tibial nerve stimulation (PTNS) in patients with MS. Sev- 
enty patients were treated with 20-min daily sessions of 
PTNS in a three-month period. On the basis of bladder dia- 
ries and symptom scores, there was an 80% improvement 
in urgency, and it appeared to reduce urinary frequency and 
urgency and showed an improvement in quality of life. The 
authors conclude that PTNS should be considered in the 
treatment algorithms for neurogenic OAB. Further studies 
are required to demonstrate long-term efficacy of PTNS in 
neurogenic patients. 

Although neuromodulation techniques appear to hold 
some promise for the treatment of detrusor overactivity in 
the neurogenic population, it is still considered investiga- 
tional, and well-designed research in this area is needed. In 
addition, patients must be selected carefully, and there also 
must be an emphasis on upper tract preservation in those 
neurological patients who are at risk. 

Finally, in patients who do not respond to any of the first- 
or second-line therapies for NDO, augmentation cystoplasty, 
with or without continent catheterizable stoma or complete 
urinary diversion, can be considered. These operations are 
indicated in patients with functionally decreased bladder 
capacities and refractory filling and storage symptoms. They 
are, however, major operations with obvious risks and, with 
the exception of an ileal conduit, they require the use of 
upper extremities for chronic self-catheterization. 

In patients who have a problem with emptying, either 
secondary to DESD or impaired contractility, emptying 
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must be facilitated in many cases. For DESD, CIC has been 
a mainstay of therapy and is most effective when detrusor 
overactivity is controlled by one of the means described pre- 
viously. The same is true for retention secondary to impaired 
contractility because no therapies are available that increase 
detrusor contractility. In some cases, a catheterizable stoma 
can facilitate independence when neurologic disease is 
advanced and urethral catheterization cannot be performed 
independently. 

Botox has been injected transurethrally for the treatment 
of DESD, and both open-label and controlled randomized 
studies have shown benefit. Chen et al. (2008) evaluated 
the effect of 100 U of Botox on the external uretheral 
sphincter in treatment of DESD. A total of 20 suprasacral 
SCI patients were evaluated. After 4 weeks of treatment, 
there was significant reduction in static and maximal ure- 
thral pressure, EMG activity and PVR but not in maximal 
detrusor pressure and detrusor leak point pressure after 
treatment. De Sèze et al. (2002) performed a randomized 
controlled study to compare 100 U of Botox versus 4 mL of 
0.5% lidocaine injected endoscopically in 13 patients with 
urinary retention secondary to DESD. Results showed an 
immediate improvement in ability to void, as measured by 
decreased PVR volumes in the Botox group. Larger placebo- 
controlled trials are needed. 

Urethral stents are other proposed minimally invasive 
approaches to treat DESD, which provides a wide lumen 
for drainage. Stents may be either permanent or temporary, 
although most available data are on the Urolome permanent 
stent, which initially was introduced by Shaw et al. in 1990. 
Several other studies have confirmed its efficacy and long- 
term safety. External sphincterotomy is another alternative; 
however, it has a high rate of complications, including life- 
threatening hemorrhage, incontinence, infection, and most 
important, failure to correct high leak point pressure in up 
to 65% of patients. Chronic indwelling catheters generally 
are not recommended for treatment of chronic retention in 
the neurological patient but may be used as a last resort in 
select patients. In situations in which this form of manage- 
ment is desirable and necessary, appropriate catheter care 
with frequent changing of the catheter is recommended. 
We always recommend using the smallest size catheter, usu- 
ally 14-French or 16-French and a 5 mL balloon. Urinary 
leakage around the catheter becomes common, and there 
is a tendency for providers to continuously upsize the cath- 
eters causing further trauma and complications related to 
erosions. A propensity also exists for chronic infections, 
stone formation, bladder neck erosions, and the develop- 
ment of squamous cell carcinoma. Urethral erosions are a 
well-known complication of long-term indwelling catheters 
due to pressure and traction causing necrosis of the urethra. 


Nonneurogenic Voiding Dysfunction 


Dysfunctional Voiding 


Dysfunctional voiding is an abnormality of bladder emptying 
characterized by an intermittent or fluctuating flow rate in 
neurologically normal individuals in which there is increased 
activity of external sphincter during voluntary voiding. The 
prevalence of dysfunctional voiding in the adult popula- 
tion is unknown. In 1999, Nitti et al. found dysfunctional 
voiding to be the most common abnormality of the voiding 


phase in women presenting with LUTS, and on a retrospec- 
tive study, Groutz et al. (2001) found that 2% of patients 
referred for urodynamic evaluation met the criteria. It is a 
learned behavior, which differentiates it from true DESD, 
which was described earlier (Fig. 38.4). Thus, the terms 
learned voiding dysfunction and pseudodyssynergia also have 
been used to describe the condition. Dysfunctional voiding 
may result in various LUTS, both storage and emptying 
symptoms. Carlson et al. (2001) investigated the present- 
ing symptoms in patients with a urodynamic diagnosis of 
voiding dysfunction and found that frequency and urgency 
were the most common symptoms in 82% of patients, urge 
and stress incontinence were present in 23% and 15% of 
patients, respectively, and 42% of patients had a history of 
recurrent urinary tract infections. It also may be responsible 
for episodes of acute or chronic urinary retention, and in 
severe cases, upper and lower urinary tract decompensation. 

In 1973, Hinman and Bauman popularized the concept 
of dyscoordination between the detrusor and the activity 
of the pelvic floor—external sphincter complex in neurologi- 
cally normally individuals. Much of the literature describes 
this phenomenon, also known as the non-neurogenic neuro- 
genic bladder, or Hinman’s syndrome, as occurring in chil- 
dren and adolescents who typically present with enuresis, 
recurrent urinary tract infections, and sometimes hydrone- 
phrosis. In 1978, Allen and Bright used the term dysfunc- 
tional voiding to describe failure to coordinate detrusor and 
sphincter activity in children. The literature is replete with 
reports of this condition in children; in adults, however, 
much less has been written, although it has been reported 
to cause various LUTS, incomplete emptying, incontinence, 
and recurrent urinary tract infections. 

Dysfunctional voiding in children originally was thought 
to be a response to psychosocial problems. The condition is 
now recognized as a developmental abnormality, whereby 
there is persistence of the transitional phase between infan- 
tile reflexogenic voiding and normal volitional voiding of 
adulthood. Several theories are known on why dysfunc- 
tional voiding occurs in adults. The most plausible is that 
it represents a learned behavior in response to an adverse 
event or condition, such as inflammation, irritation, infec- 
tion (cystitis, urethritis, vaginitis), urethral diverticulum, 
pelvic inflammatory disease, anorectal disease, or trauma. 
Other authors have suggested that dysfunctional voiding 
may result from voluntary withholding of urination in indi- 
viduals who work long hours. Kaplan et al. (1980) proposed 
that “the stress of modern society may manifest itself in 
this region of the body.” McGuire and Savastano (1984) 
attributed the behavior to a primary abnormality of detru- 
sor overactivity with the dyssynergic sphincter response 
developing as a result of sudden unanticipated detrusor con- 
tractility. Contraction of the pelvic floor-external sphincter 
complex is a normal response to control urgent urination 
and results in a reflex inhibition of the detrusor. When this 
becomes habitual over time, the abnormal incoordination 
carries over to voluntary voiding, resulting in an intermittent 
urinary stream and residual urine. 

The treatment of dysfunctional voiding has evolved over 
the years. The goal is to facilitate the patient’s return back 
to normal micturition. Usually a combination of behav- 
ioral, cognitive, and pharmacological therapies can used to 
achieve this. Pelvic floor physical therapy has been shown 
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FIGURE 38.4 Videourodynamic study of a 23-year-old woman with urgency incontinence and incomplete emptying. Note the high-pressure 
detrusor contraction to void, accompanied by decreased flow and increased EMG activity. Fluoroscopic image taken during voiding shows 
a spinning top urethra with obstruction at the level of the external sphincter. Neurologic evaluation was negative. Diagnosis: dysfunctional 
voiding. Pyes intravesical pressure; Paba, intra-abdominal pressure; Pye: detrusor pressure; EMG, electromyography. 


to be effective and has become the first-line treatment. In 
2010, Minardi et al. evaluated the efficacy of biofeedback 
and pelvic floor relaxation biofeedback on urodynamic and 
voiding parameters in 86 women with dysfunctional voiding 
and recurrent urinary tract infections for one year. There 
was significant decrease in storage and emptying symptoms 
as well as improvement in urodynamic parameters including 
mean flow rate, flow time, voided volume and a decrease in 
PVR. There is an increased incidence of dysfunctional void- 
ing in sexual abuse victims, and it has been linked to psy- 
chological stressors and elevated Hamilton scores measuring 
stress and anxiety; therefore, certain individuals may benefit 
from mental health therapy and support as well. 

Some pharmacotheraputic options have been shown to 
be beneficial in patients with dysfunctional voiding. Xu et al. 
(2007) showed that oral baclofen, a GABAB receptor ago- 
nist, could be used to improve urinary symptoms in patients 
with dysfunctional voiding. They conducted a double-blind, 
placebo-controlled, cross-over trial of baclofen 10 mg three 
times daily or placebo in 60 women with LUTS and urody- 
namic evidence of dysfunctional voiding. There were sig- 
nificantly fewer voids per 24-h period (9.6 placebo versus 
6.7 baclofen P = 0.001), significantly higher TL in baclofen 
treated patients as well as an increase in Qmax and a signifi- 
cant decrease in PgetQmax- Baclofen was well tolerated and 
adverse events were similar between groups. 

Several clinicians, including ourselves, have had anec- 
dotal success with amitriptyline. Vaginal benzodiazepine 
suppositories also have been used as an adjunct treat- 
ment in high-tone pelvic floor dysfunction associated with 


dyspareunia. In cases in which there is also detrusor overac- 
tivity or impaired compliance, anticholinergic medications 
can be used in addition to other therapies. Just as in the 
treatment of DESD, endoscopic and transperineal urethral 
injections of Botox have been performed in women with 
dysfunctional voiding, although there are only limited and 
poor quality data. Finally, the role of neuromodulation in 
nonobstructive urinary retention has been shown to be ben- 
eficial. A five-year prospective multicenter study by van 
Kerrebroeck et al. (2007) enrolled 163 patients, and 31 of 
these patients had an indication of urinary retention for lead 
placement. There was a decrease in the number of cath- 
eterizations by 50% and a decrease in catheterized volume 
from 379 to 109 mL. There was evidence of clinical suc- 
cess in 58% and 71% of patients respectively at five years 
after implantation. The exact mechanism of action by which 
neuromodulation may restore bladder function is unknown, 
but SNM eventually may work by reducing high-tone pelvic 
floor dysfunction. 


Fowler’s Syndrome 


Fowler’s syndrome is a failure of the urethral sphincter to 
relax during voiding in patients in whom other types of 
urologic, gynecologic, or neurologic pathologies have been 
excluded. In 1985 Fowler et al. reported EMG abnormali- 
ties of the striated urethral sphincter in 15 women with 
voiding symptoms and urinary retention; they hypoth- 
esized that these abnormal EMG patterns could be caus- 
ing impairment for the urethral sphincter to relax. Fowler’s 
syndrome usually is diagnosed in young women in their 
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20s or 30s who develop urinary retention. Many of these 
women have a history or findings consistent with polycys- 
tic ovary, which suggests that the abnormal sphincter may 
be under the influence of estrogen and could be due to a 
hormone-sensitive channelopathy confined to the urethral 
sphincter; however, the exact pathophysiology of the dis- 
ease is still unknown. Many of these women usually have 
a trigger such as general anesthesia, urinary tract infection, 
gynecologic surgery, or childbirth. Swinn et al. (2002) evalu- 
ated 91 women with complete urinary retention, two-thirds 
presented after a gynecologic operation and 35% developed 
spontaneous retention. 

EMG still is used to confirm the diagnosis and may show 
complex repetitive discharges and a decelerating component. 
Other useful diagnostic modalities include urethral pressure 
profile and urodynamics, which may show a prolonged fill- 
ing phase, reduced filling sensation as well an increase in 
EMG activity with no rise in the detrusor pressure during 
voiding, which differentiates Fowler’s syndrome from dys- 
functional voiding. Other radiologic modalities that may be 
used are MRI and ultrasound, showing increased sphincteric 
volume. The goal of treatment is to ensure adequate blad- 
der emptying. Oral agents and sphincteric Botox injections 
have been attempted with equivocal results and no real evi- 
dence to support their use. Fowler et al. (1992) injected 
six women with Fowler’s syndrome with Botox, and there 
was no symptomatic benefit and three patients developed 
incontinence. SNM has been shown to be the only efficient 
treatment and may restore normal voiding. In 2000, Swinn 
et al. reported results of peripheral nerve stimulation in 
38 women with urinary retention, 34 with a diagnosis of 
Fowler’s syndrome. The overall success rate was 68% with 
12 patients undergoing permanent implantation; 10 patients 
were able to void normally and two patients still needed to 
catheterize. In 2007, De Ridder et al. studied 62 women, 
30 of them with Fowler’s syndrome and 32 with idiopathic 
retention. At five years after SNM, 72% of women with 
Fowler’s syndrome still had normal micturition compared 
with 46% of the women in the idiopathic retention group. 
Complications included lead migration, pain at the implant- 
able pulse generator (IPG) site, and possible infection. It is 
usually well tolerated and safe and provides a useful thera- 
peutic option to restore voiding in these patients. 


Primary Bladder Neck Obstruction 


PBNO is characterized by failure of the bladder neck to 
open properly in the presence of a detrusor contraction of 
normal or increased pressure and duration (Fig. 38.5). Marion 
(1933) originally described it in a male patient, but its pres- 
ence in women was discovered by Diokno et al. in 1984 in 
a group of women who underwent videourodynamic tests 
for nonneurogenic voiding dysfunction. Nitti et al. (1999) 
found PBNO in 0.5% of women overall and in 16% of 
obstructed women. 

The exact etiology of PBNO is unknown. One theory 
is that it is caused by smooth muscle hypertrophy or an 
increase in collagen deposition at the bladder neck. Another 
is that a continual high tonus in the smooth muscle of the 
posterior urethra causes rigidity of the bladder neck. A 
theory that an increased number of a-adrenergic receptors 
resulting in nonrelaxation during voiding also has been sug- 
gested. Women with PBNO typically present initially with 
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FIGURE 38.5 Videourodynamic study of a 36-year-old woman with 
obstructive voiding symptoms and intermittent urinary retention. 
There is a sustained detrusor contraction of >50 cm H2O with fail- 
ure of the bladder neck to open. Diagnosis: primary bladder neck 
obstruction. 


storage symptoms and often are treated for bladder over- 
activity. Voiding symptoms then may become more promi- 
nent, and patients may even progress to periodic urinary 
retention and have high PVR volumes. Recurrent urinary 
tract infections commonly can result. 

Diagnostic criteria for PBNO include high voiding pres- 
sure and low urine flow (maximum detrusor pressure 
>20 cm H,O and a maximum urine flow <12 mL/s), 
fluoroscopic absence of bladder neck opening, and minimal 
EMG activity during volitional voiding. Brucker et al. (2012) 
reported on urodynamic differences between dysfunctional 
voiding and PBNO in women. They showed that patients 
with dysfunctional voiding have greater mean maximum 
flow rate (12 versus 7 mL/s, P = 0.027) and lower mean 
PVR (125 versus 400 mL, P = 0.012). They also showed 
that EMG alone would have led to an erroneous diagno- 
sis in 20% of patients with voiding dysfunction and 14% of 
patients with PBNO, supporting the use of fluoroscopy to 
differentiate between these two functional disorders. 

The treatment options for PBNO in women are the same 
and include watchful waiting, pharmacotherapy, and surgi- 
cal intervention. Watchful waiting is an option for patients 
whose symptoms are not that bothersome and who do not 
have clinical or urodynamic evidence of upper or lower uri- 
nary tract decompensation. Unfortunately, little is known 
about the natural history of PBNO in men and women. The 
number of those who elect observation and have progressive 
symptoms, decompensation, or even go on to receive treat- 
ment is unknown. 

In our practice, we follow patients periodically with a 
semiannual or annual uroflow and PVR. If there are any 
significant findings or a change in the patient’s symptoms 
we perform a renal ultrasound, repeat videourodynam- 
ics and measure renal function as clinically indicated. The 
main focus of pharmacotherapy is a-adrenoreceptor block- 
ade. One published study by Kumar et al. (1999) docu- 
mented that 24 women with PBNO were treated. This was 
a highly symptomatic group, all with significantly elevated 
PVR volumes, and stringent urodynamic criteria were 
used to make the diagnosis. All women were treated ini- 
tially with phenoxybenzamine, prazosin, or terazosin, and 
50% responded to a-blockade with decreased symptoms, 


increased flow, and decreased residual volumes. Specifically 
in responders, Qmax increased from 9.5 to 15.1 mL/s, and 
PVR decreased from 277 to 27 mL. No validated symptom 
assessment was used to assess symptom response. In 2006, 
Kessler et al. found significant improvement in symptoms 
and urodynamics parameters with the use of terazosin in 
67% of women with PBNO. 

PBNO can be treated surgically with transurethral inci- 
sion of the bladder neck. This can be done either unilat- 
erally or bilaterally, but the main concern of bladder neck 
incision is the development of postoperative stress incon- 
tinence. The concept of bladder neck incision initially was 
described by Turner-Warwick et al., (1973) in men with 
voiding dysfunction. Later on Jonas et al. (1979) applied 
the technique to women, showing a 71% improvement of 
symptoms in females with functional or mechanical out- 
let obstruction. Axelrod and Blaivas (1987) made bilateral 
incisions at the 5 o’clock and 7 o’clock positions in three 
women and reported success in all, of whom none devel- 
oped incontinence. A study by Blaivas et al. (2004) included 
seven women with PBNO and had similar results. Gronbaek 
et al. (1992) initially performed a single incision and a sec- 
ond incision, as needed, in 38 women. A 76% success rate 
at mean follow-up of 55 months was obtained; one patient 
(3%) developed incontinence. Kumar et al. (1999) did a 
single incision at the 12 o’clock position, using a pediatric 
resectoscope in six women who failed a-blockade (from the 
group described previously). Success was reported in all six 
women with Qmax increasing from 8.5 to 15.5 mL/s and 
PVR volumes decreasing from 256 to 40 mL “Mild SUI” 
was reported in two (33%) patients. A recent study Jin et al. 
(2012) described the outcomes of 30 women undergoing 
primary bladder neck incision at four different sites, at the 
3, 6, 9, and 12 o’clock positions. Twenty-five patients were 
available for follow-up at five years, and there was signifi- 
cant improvement in both subjective and objective voiding 
functions. Only one woman had mild SUI, which improved 
with levator ani exercises. 


Pelvic Organ Prolapse 


Prolapse of pelvic organs can have a profound effect on 
lower urinary tract function. In addition to the common 
symptoms of urinary frequency, urgency, and incontinence, 
bladder outlet obstruction and varying degrees of urinary 
retention can occur. Patients may report the need to posi- 
tion themselves in a certain way to void (e.g. leaning back- 
ward or squatting) or may need to manually reduce the 
prolapse to void. 

Obstruction from prolapse can be caused by kinking of 
the urethra in cases of anterior vaginal wall prolapse (cys- 
tocele) or by direct compression of the prolapsing organ 
on the urethra. It can be demonstrated urodynamically by 
evaluating patients with the prolapse unreduced. The effect 
of the prolapse on voiding function can be seen further by 
reducing the prolapse (with a pessary, vaginal retractor, or 
vaginal packing) and repeating the study. Using this tech- 
nique, Romanzi and Blaivas (1999) found obstruction in 4% 
of the grades one and two cystoceles and 58% of the grades 
three and four cystoceles. After pessary placement, 94% 
reverted to free flow. Reduction of prolapse can unmask 
intrinsic sphincter deficiency and stress incontinence 
(occult stress incontinence) and should be done as part of 


CHAPTER 38 Voiding Dysfunction and Urinary Retention 577 


the preoperative urodynamic evaluation in women with 
prolapse who are undergoing surgery. Voiding dysfunction 
caused by pelvic prolapse can be treated by a pessary or 
surgical repair. 


latrogenic Postsurgical Obstruction 


Surgical procedures for the correction of stress incontinence 
are designed to restore support to the urethrovesical junc- 
tion or to improve coaptation of the urethra (in cases of 
intrinsic sphincter deficiency). This can be accomplished 
in various ways, including retropubic colposuspension, and 
pubovaginal and midurethral sling procedures. A potential 
complication of all these procedures is iatrogenic outlet 
obstruction leading to voiding dysfunction. The incidence 
of iatrogenic urethral obstruction varies widely in the litera- 
ture, from 2.5% to 24%. The wide discrepancy in reported 
rates may be explained by various factors, such as differ- 
ences in definition, varying patient population, and surgi- 
cal differences. Obstruction after incontinence surgery 
is typically a result of technical factors, such as improper 
placement or excessive tensioning of sutures or slings. Even 
tension-free procedures like the retropubic or transobtura- 
tor midurethral slings have an estimated incidence of iatro- 
genic obstruction between 0% and 4% in comparison with a 
6.1% rate in pubovaginal slings. 

Some additional factors may affect a patient’s abil- 
ity to empty after anti-incontinence surgery. Obstruction 
may be caused indirectly by a cystocele or other prolapse 
that either was uncorrected at the time of surgery or had 
occurred postoperatively. Prolapse of sufficient size may 
kink the urethra. Impaired detrusor contractility, a condi- 
tion that should have been present preoperatively, in the 
face of increased urethral resistance by an anti-incontinence 
procedure, may cause obstruction. Finally, the patient who 
habitually voids by abdominal straining may have difficulty 
emptying after pubovaginal sling surgery because the sling 
acts to increase urethral resistance with increases in abdom- 
inal pressure. 

The evaluation of the postsurgical patient is a unique 
situation. Transient voiding dysfunction is frequent and 
expected after many types of anti-incontinence surgery. Most 
women will begin voiding sufficiently on their own within a 
few days to weeks, whereas others may take longer to resume 
normal voiding and may need to learn how to do intermittent 
catheterization. Return to normal voiding may take longer in 
patients who have been obstructed chronically. Storage symp- 
toms of urgency, frequency, and urge incontinence are often 
more refractory than retention because they can be related 
to bladder changes. These symptoms may resolve as late as 
six months after surgery. For traditional procedures like Burch 
colposuspension and pubovaginal sling, it is not uncommon 
to delay evaluation of the patient with urinary retention or 
severe storage symptoms after incontinence surgery for one 
to three months postoperatively. Although this time frame is 
arbitrary, most data in the literature are based on a waiting 
period of at least three months to ensure adequate time for 
retention from obstruction to resolve and to minimize the 
risk of recurrent stress incontinence. After three months, a 
very low probability is present that any persistent retention 
will resolve without intervention. In the case of contem- 
porary synthetic midurethral slings, some have advocated 
quicker intervention, within 7 to 10 days, when complete 
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retention or severe obstructive symptoms are present. After 
retropubic and transobturator midurethral slings, temporary 
voiding dysfunction resolved in 25% to 66% of patients in one 
to two weeks and in 66% to 100% of patients by six weeks. 
Because of the immobility of the polypropylene mesh and the 
ingrowth of fibroblastic tissue at one to two weeks, patients 
with severe symptoms or urinary retention are less likely to 
improve after this period and the traditional three-month 
waiting period seems unwarranted. In our experience, symp- 
toms persisting beyond six weeks likely will not respond and 
require surgical intervention. If there is no other explanation 
for the patient’s voiding symptoms, intervention as early as 
10 to 14 days may be reasonable and potentially could be per- 
formed in the office setting. The decision to intervene early, 
however, should be discussed with the patient as well as the 
risk of recurrent stress incontinence. 

The diagnostic evaluation of the patient with void- 
ing dysfunction after incontinence surgery begins with a 
focused history and physical examination. Key points in 
the history are the patient’s preoperative voiding status and 
the temporal relationship of the LUTS to the surgery. The 
type of procedure performed and the number and type of 
other procedures done are also important. In cases of uri- 
nary retention and incomplete emptying, urodynamic stud- 
ies may not be necessary before intervention, particularly 
if preoperative contractility and emptying are known to be 
normal. It is well established that urodynamic tests may fail 
to diagnose obstruction in a significant number of women 
obstructed from anti-incontinence procedures. Addition- 
ally, patients with nondiagnostic urodynamic studies, or 
those who fail to produce a detrusor contraction during 
urodynamics, have the same outcomes as those with uro- 
dynamic findings that are classic for obstruction. In cases 
of de novo or worsened irritative symptoms, including urge 
incontinence without a significantly elevated PVR, a formal 
urodynamic evaluation is preferred. The physical examina- 
tion may reveal a hypersuspended urethra or significant 
prolapse that could point to the cause of obstruction, but 
often the exam is normal. 

Treatment is dictated by the degree of bother of post- 
operative symptoms. In some cases, an obstructed patient, 
at least temporarily, will opt for conservative management 
with CIC. Occasionally, a woman who had severe stress 
incontinence before surgery and is not very bothered by 
catheterization may prefer CIC to repeat surgery and a risk 
of recurrent stress incontinence. Most patients with sig- 
nificant symptoms from iatrogenic obstruction, however, 
choose definitive treatment. The role for urethral dilation 
in such cases is not known, but we feel it is of limited use 
and may be detrimental. Most commonly, obstructed slings 
are treated by sling incision, which involves a vaginal inci- 
sion and use of a right-angle clamp to identify and loosen 
the sling, with or without removal of the suburethral seg- 
ment. Success rates vary, but they usually are reported in 
the 80% to 100% range with recurrent stress incontinence 
rates between 0% and 36%. Urethrolysis, whether by ret- 
ropubic, transvaginal, or suprameatal approach, appears to 
have similar success ranging from 65% to 93%. The type of 
urethrolysis (or sling incision) chosen will depend on sev- 
eral factors, including patient presentation, type of inconti- 
nence procedure performed, whether she had a previously 
failed urethrolysis, and surgeon preference. It has been our 


practice to perform a transvaginal procedure for a sling inci- 
sion, with suburethral sling excision for synthetic slings, a 
sling incision for a biological sling or urethrolysis when a 
biological sling cannot be identified, and urethrolysis for 
all nonsling take-downs as well as sling incisions that have 
failed. Typically, urethrolysis will involve mobilizing the 
urethra to varying degrees depending on the extent of the 
obstruction. The procedure may be performed vaginally 
or abdominally or a combination of the two. Retropubic 
urethrolysis is reserved for a previously failed transvagi- 
nal procedure or, in special circumstances, based on the 
incontinence procedure, such as retention after a Burch 
colposuspension. Reported success rates after urethroly- 
sis vary from 66% to 93% and recurrent rates of stress 
incontinence after the procedure vary from 3% to 20%. 
Our experience with sling incisions, including retropubic 
and transobturator midurethral slings, has shown results 
equivalent to formal urethrolysis. In the case of synthetic 
midurethral slings, we have performed sling “adjustment” 
by pulling the sling down at one week, either as an office 
procedure or in the operating room with local anesthesia. 
If stress incontinence recurs, it can be treated with a ure- 
thral bulking agent or even a repeat surgical procedure in 
the future. 


Impaired Detrusor Contractility 


Several conditions can result in impaired detrusor con- 
tractility of nonneurogenic origin. They include structural 
changes that affect the detrusor, such as radiation cystitis, 
tuberculosis, and other conditions that produce fibrosis; 
chronic outlet obstruction causing detrusor failure; and 
idiopathic processes. In addition, diabetic cystopathy, a 
myogenic phenomenon resulting from chronic overdisten- 
sion secondary to sensory neuropathy, can cause impaired 
contractility. The treatment for impaired contractility of 
non-neurogenic origin is similar to that mentioned for neu- 
rogenic origin. CIC is the mainstay for patients with sig- 
nificant retention. It is reasonable to try techniques, such 
as Credé or double-voiding, provided there is no obstruc- 
tion. Pharmacotherapy with cholinergic agonists, such as 
bethanecol, has not proven to be successful in randomized 
controlled trials, although it is used anecdotally by some. As 
a last resort, other alternatives include the use of a chronic 
indwelling catheter or a suprapubic tube; as in the neuro- 
genic patient, we do not advocate its use; if needed, how- 
ever, appropriate care should be taken to minimize the risk 
of complications. 


Conclusion 


The evaluation, management, and treatment of female 
patients with voiding dysfunction and urinary retention is 
often complex and must take multiple factors into con- 
sideration, including the degree to which the patient’s 
symptoms are bothersome and whether the upper tracts 
are in jeopardy. A patient-specific diagnostic approach is 
recommended, depending on symptoms, degree of bother, 
and whether there is a history or suspicion of neurologic 
disease. In certain cases, empiric treatment is appropriate. 
When a formal diagnosis is indicated, however, specific 
therapy can be directed based on urodynamics and other 
tests. 
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Urinary tract infections account for eight million health 
care visits per year at the cost of $1.6 billion. Fifteen per- 
cent of all outpatient prescriptions written are for urinary 
tract infections. Clinicians managing patients with urogyne- 
cologic problems need to be well versed in the diagnosis 
and management of urinary tract infections, because the 
rates of urinary tract infection are particularly high among 
menopausal women, pregnant women, women in nursing 
homes, patients with incontinence or voiding dysfunction, 
and patients undergoing procedures that require instrumen- 
tation of the genitourinary tract. 


Epidemiology and Risk Factors 


At least 50% of women experience a urinary tract infection 
during their lifetime, with approximately 5% experiencing 
frequent infections. Acute uncomplicated pyelonephritis is 
significantly less common than lower urinary tract infec- 
tions, and occurs approximately once for every 28 episodes 
of acute cystitis. Urinary tract infections are more prevalent 
among women than among men (ratio of 20:1), likely owing 
to the relatively short female urethra, which puts the uri- 
nary tract in close proximity to the flora of the vagina and 
rectum. 

The prevalence of urinary tract infections increases with 
age (Fig. 39.1). The rate of bacteriuria is 1% to 2% in young 
children, then doubles among young women ages 15 to 24, 
gradually increases to approximately 15% at age 60, and 
continues to climb to rates of 25% to 50% after age 80. 
Whereas sexual activity and pregnancy are significant risk 
factors among younger women, vaginal atrophy, pelvic floor 
relaxation, systemic illness, and hospitalization are more 
important risk factors in older women. 

Urinary tract infections account for 500,000 noso- 
comial infections per year, 1% of which become life- 
threatening. Instrumentation or catheterization of the 
urinary tract is a precipitating factor in at least 80% of 
these infections. Catheterization is associated with a risk 
of urinary tract infection of 3% to 6% per day with an 
indwelling catheter and 1% to 3% per day with clean 
intermittent catheterization. 

Women undergoing gynecologic surgery are at particu- 
larly high risk of urinary tract infection. The risk seems to 
be highest among women who undergo surgery for pelvic 
organ prolapse and incontinence, who require postoperative 
catheterization. In one trial, 33% of patients developed a 
symptomatic lower urinary tract infection within 8 weeks of 
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584 PART 8 Specific Conditions 


Advanced age 
Genetic predisposition 
Mother with history of recurrent urinary tract infection 
Nonsecretors of ABH blood type antigens 
P blood group 
Physiologic changes 
Pregnancy 
Shift of vaginal flora after antibiotic use 
Increased vaginal pH in menopausal women 
Inefficient emptying 
Pelvic organ prolapse: cystocele or uterovaginal prolapse with 
obstructive voiding pattern 
Neurogenic bladder (e.g., diabetes, multiple sclerosis, spinal 
cord injury) 
Anticholinergic medications 
Instrumentation (catheterization, cystoscopy) 
Decreased functional ability 
Dementia 
Cerebrovascular accident 
Neurologic disease 
Fecal incontinence 
Sexual intercourse, diaphragm use, spermicide use 


surgery. Other known risk factors for urinary tract infection 
are listed in Box 39.1. 


Microbiology 


Gram-negative bacilli are responsible for 90% of urinary 
tract infections. Escherichia coli is the single most impor- 
tant organism and accounts for 80% to 90% of uncom- 
plicated infections. Staphylococcus saprophyticus is the 
second most common cause of cystitis and causes approxi- 
mately 10% of infections in sexually active females. Other 
common pathogens in urinary tract infections include 
Klebsiella, Enterobacter, Serratia, Proteus, Pseudomonas, 
Providencia, and Morganella species. Pseudomonas aeru- 
ginosa infection almost always results from urinary tract 
instrumentation. Staphylococcus epidermidis is a nosoco- 
mial pathogen identified in patients with indwelling cath- 
eters. Staphylococcus aureus is less commonly isolated and 
is often caused by hematogenous renal infection. Other 
gram-positive organisms such as enterococci and Strepto- 
coccus agalactiae cause about 3% of episodes of cystitis. 
Enterococcus faecalis causes about 15% of nosocomial uri- 
nary infections, and S. agalactiae is more commonly the 
cause in patients with diabetes mellitus. Anaerobic bacteria, 
although abundant in fecal flora, rarely cause urinary tract 
infections. 

Candida albicans and other fungal organisms can cause 
lower urinary tract infections in patients with diabetes mel- 
litus, with indwelling urinary catheters, or an immunocom- 
promised state. Viruria has been documented with many 
viruses, but generally in association with viremia. Viral uri- 
nary tract infections occur as acute illnesses (acute hemor- 
rhagic cystitis in children, and polyoma virus infection after 
bone marrow transplant), during convalescence from viral 
infections (mumps and cytomegalovirus), and in asymptom- 
atic patients (cytomegalovirus). 


Pathogenesis 


Most urinary tract infections are ascending infections in 
which the fecal flora initially colonize the vaginal introi- 
tus and periurethral tissues, eventually gaining entry into 
the bladder. Virulence factors including fimbria and other 
adhesins facilitate ascent up the urinary tract, mucosal 
adherence, and stimulation of the host immune response. 
Factors that typically help deter the development of a 
urinary tract infection include acidic vaginal secretions, 
acidic urine, periodic voiding, the glycosaminoglycan (GAG) 
layer of the bladder, and immunoglobulins in the urine. The 
acidic pH of the vagina in premenopausal women inhibits 
the growth of enterobacteria such as E. coli and promotes 
the growth of lactobacilli and other gram-positive bacteria 
that typically replicate poorly in urine. The GAGs in the 
bladder lining and immunoglobulins in the urine block bac- 
terial adherence. Tamm-Horsfall proteins secreted by the 
loop of Henle may also inhibit bacterial adherence to the 
urothelial cells. A genetic predisposition to urinary tract 
infection is likely linked to differences in mucosal bacterial 
binding properties and can be related to blood type. 


Diagnosis 
Clinical Presentation 


Cystitis in women usually causes dysuria, although it may 
also cause frequency, urgency, nocturia, and suprapubic dis- 
comfort. Occasionally, mild incontinence and hematuria 
may occur. Gross hematuria is rare. Upper tract infections 
commonly present with fever, chills, malaise, flank pain, 
costovertebral angle tenderness, and occasionally nausea and 
vomiting. These patients may not have signs of acute cystitis. 


Differential Diagnosis 


The differential diagnosis of a urinary tract infection includes 
candidiasis, Trichomonas vaginitis, and other sexually trans- 
mitted diseases. Vaginal atrophy can also cause urinary tract 
symptoms that mimic a urinary tract infection. Bladder pain 
syndrome (interstitial cystitis) and urethral syndrome should 
also be considered, because they are pain disorders of the 
urinary tract characterized by lower urinary tract symptoms 
despite negative urine, vaginal, and urethral cultures. Finally, if 
the woman has had previous surgeries for urinary incontinence 
or pelvic organ prolapse, the possibility of suture material, 
mesh, or stones in the bladder or urethra should be considered. 


Diagnostic Criteria for Urinary Tract 
Infection 


The Center for Disease Control (CDC) diagnostic crite- 
ria for a urinary tract infection include a urine culture with 
=100,000 colony-forming units (CFU) per mL of no more 
than two species of microorganisms and one sign or symp- 
tom of cystitis with no other recognized cause. Signs and 
symptoms include urgency, frequency, dysuria, suprapubic 
tenderness and fever >38.0°C. Alternative diagnostic criteria 
issued, costovertebral angle pain or tenderness, by the CDC 
include at least two signs or symptoms with no other iden- 
tifiable cause and a urine dipstick with leukocyte esterase 


and/or nitrites, pyuria (=10 leukocytes/mL or 23 leukocytes 
per high-powered field (HPF) of unspun urine), or organisms 
on a gram stain of spun urine. Some experts advocate relax- 
ing these diagnostic criteria to include symptomatic patients 
with pyuria and a urine culture with 2100 CFU per mL, 
because approximately 80% of these patients have a urinary 
tract infection. Lower colony counts on culture may repre- 
sent a partially treated infection, an earlier stage of infection, 
or the effects of diluting the bacterial concentration with 
urination. 


Urine Collection Methods 


Urine collected for analysis can be a clean catch specimen or 
a catheterized specimen. However, up to one-third of clean 
catch specimens are contaminated. To minimize contamina- 
tion of clean catch specimens, women should be instructed 
to spread the labia, wipe the periurethral area from front to 
back with a clean, moistened gauze sponge, and collect a mid- 
stream urine sample holding the labia apart. In women unable 
to obtain a clean voided specimen, such as women who are 
obese or who are functionally impaired, urethral catheteriza- 
tion or suprapubic aspiration can be performed. The bacterial 
count is likely to be highest if the urine has been in the blad- 
der for over 4 h, such as with the first void of the day. 


Diagnostic Testing 


Diagnostic testing for a urinary tract infection includes an 
office urine dipstick, microscopic urinalysis, and urine cul- 
ture. Whereas a positive urine dipstick and/or microscopic 
urinalysis in a symptomatic patient are generally considered 
sufficient evidence to support empiric treatment of a pre- 
sumed urinary tract infection, urine cultures should be sent 
in patients in whom the diagnosis of cystitis is questionable 
or in whom complicating factors are present. Regardless of 
the urine testing method used, the urine specimen should be 
sent to the lab immediately, because bacteria will continue 
to proliferate if the specimen is kept at room temperature. 
However, storing the specimen at 4 °C should stop bacte- 
rial growth and permit culturing the following day without 
altering the culture results. 

Urine Dipstick 

The urine dipstick is a simple urinary tract infection screen- 
ing tool for office or home use that detects urine nitrites and 
leukocyte esterase. Gram-negative bacteria convert nitrates 
to nitrites. Leukocyte esterase corresponds to pyuria and 
indicates a host immune or inflammatory response. A cost- 
effectiveness analysis published by Turner et al. (2010) indi- 
cated that treatment based on urine dipstick results is the 
most cost-effective management strategy for acute uncom- 
plicated cystitis. However, providers must bear in mind that 
testing with a dipstick is not always accurate. False positives 
can occur when the urine is contaminated. False negatives 
can occur in early infection and with gram-positive infec- 
tions that do not produce nitrites. Urine dipstick nitrite and 
leukocyte esterase tests have a sensitivity of 75% and speci- 
ficity of 82% in patients with >100,000 CFU/mL. Thus, in 
patients with a urinary tract infection, 25% will not have 
a positive dipstick. In contrast, among women without a 
urinary tract infection, 18% will have a positive dipstick. 
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Therefore, although dipsticks can provide valuable clini- 
cal information, ultimately the provider should use clinical 
judgment and/or additional diagnostic testing to make a 
final decision regarding treatment. 


Microscopic Urinalysis 


Microscopic examination of urine can detect the presence of 
significant bacteria, leukocytes, and red blood cells. Pyuria is 
defined as =10 leukocytes/mL or 23 leukocytes per HPF of 
unspun urine. In the absence of pyuria, the diagnosis of uri- 
nary tract infection should be questioned. However, some 
examples of sterile pyuria are tuberculosis, renal or bladder 
calculi, mesh or sutures in the bladder, glomerulonephritis, 
interstitial cystitis, and chlamydial or Ureaplasma urethritis. 
Patients may also have sterile pyuria if they have a urinalysis 
after initiating antimicrobial therapy. Neither microscopic 
hematuria nor bacteriuria is a particularly sensitive finding 
and is often negative in the setting of urinary tract infection. 
For example, approximately 50% of urinary tract infec- 
tions do not demonstrate hematuria on microscopic exam 
and bacteria are often unidentifiable in lower colony-count 
infections. 


Urine Culture 


Urine culture is considered the reference standard for diag- 
nosis of a urinary tract infection. Cultures should be sub- 
mitted if there is a suspected complicated urinary tract 
infection, a negative dipstick in a symptomatic patient, 
poor response to initial therapy, and recurrent symptoms 
<1 month after treatment for a previous urinary tract infec- 
tion for which no culture was performed. Complicated 
infections occur in the setting of an immunocompromised 
host, a genitourinary structural or functional abnormality 
(e.g., urolithiasis, renal insufficiency), pregnancy, and recent 
antibiotics or genitourinary tract instrumentation. Although 
a culture result of =>100,000 CFU/mL has historically been 
considered a required diagnostic criterion for a urinary tract 
infection, some feel that 2100 CFU/mL should suffice in 
a patient who has symptoms consistent with urinary tract 
infection and pyuria. 


Symptom-Based Diagnosis 


Diagnosis of uncomplicated urinary tract infection based on 
symptoms alone is advocated by some because of the false- 
negative results encountered with urine dipsticks, as well 
as the expense and time delay associated with microscopic 
urinalyses and culture. However, the primary disadvantage 
of symptom-based diagnosis is that it results in overtreat- 
ment and inappropriate antibiotic use. It may also delay 
the diagnosis of other causes of urinary tract symptoms. 
Richards et al. (2005) performed a double-blind, randomized, 
placebo-controlled trial of women with urinary tract infec- 
tion symptoms and negative urine dipstick results. Five of 59 
subjects had positive urine cultures of =>100,000 CFU/mL. 
Empiric treatment resulted in a median time to symptom res- 
olution of 3 versus 5 days in patients receiving trimethoprim 
and placebo, respectively (P = 0.002). At day 7, symptom 
resolution was higher among trimethoprim patients (90% 
versus 59%; P = 0.02). The authors concluded that a nega- 
tive dipstick does not predict response to treatment. There- 
fore, they endorsed empiric antimicrobial therapy despite 
the potential adverse effects of widespread antibiotic use. 
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Additional Studies 


Radiographic imaging studies should be considered in 
patients with poor response to appropriate antimicrobial 
therapy, infections caused by usual organisms such as Pro- 
teus, a history of calculi, potential ureteral obstruction, 
recurrent pyelonephritis, suspected urethral diverticula, 
and a history of many urinary tract infections during child- 
hood. A renal ultrasound may be appropriate in any of 
these patients, although it is optimal for evaluating for a 
renal abscess or hydronephrosis. A non-contrast computed 
tomography image (CT) is the current reference standard 
for radiographic diagnosis of calculi. It is more likely than 
ultrasound and an X-ray of the kidneys, ureter, and bladder 
(KUB) to identify small stones and is more likely than a 
KUB to detect radiolucent stones. Transvaginal ultrasound 
is often adequate for the detection of urethral diverticula, 
although magnetic resonance imaging (MRI) can provide 
more imaging detail, particularly for solid components such 
as a mass or stone. MRI has been found to have a sensitivity 
of 86% to 100% for urethral diverticulum. 

The indications for cystourethroscopy in women with 
urinary tract infection are controversial, because findings 


often do not alter management. However, it is reasonable 
to consider cystoscopy in patients with inadequate response 
to appropriate antimicrobial therapy, gross hematuria, sus- 
pected urethral diverticulum, and suspected mesh or non- 
absorbable suture material in the bladder or urethra. It 
should also be considered in older patients for whom blad- 
der cancer may be of concern. Urodynamics may be useful 
in patients with recurrent infections and signs or symptoms 
of voiding dysfunction. 

A suggested approach to the evaluation and treatment of 
women with acute dysuria is shown in Fig. 39.2. 


Management 


General factors that influence the selection of antimicrobial 
agents for treatment of urinary tract infections include bac- 
terial sensitivity, cost of the agent, anticipated incidence and 
severity of adverse effects, and dosing interval. Drugs with 
low serum levels and tissue penetration, such as nitrofuran- 
toin, are less likely to disrupt flora of the bowel and vagina 
and thus minimize the risk of emergence of more patho- 
genic or resistant strains of bacteria. They also reduce the 
risk of antibiotic-induced diarrhea. Drugs associated with 
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FIGURE 39.2 Algorithm for diagnosis and management of acute dysuria in women. 
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yeast vaginitis, such as ampicillin and tetracycline, can also 
add significantly to patient morbidity and the overall cost of 
the treatment. 


Acute Uncomplicated Cystitis 


Acute uncomplicated cystitis is a superficial infection of the 
bladder mucosa that rarely invades the lamina propria or 
results in severe disease. Thus, the primary goal of treat- 
ment is to alleviate patient’s symptoms. Whereas 7- to 
10-day therapy has been used historically to treat acute 
uncomplicated cystitis, multiple studies demonstrate the 
efficacy of a shorter course with certain antibiotics. Shorter 
treatments offer the advantage of increased compliance, 
decreased cost, and reduced adverse effect rates. 

According to Infectious Disease Society of America 
guidelines, first-line therapy for acute uncomplicated cys- 
titis should be nitrofurantoin monohydrate microcrystals 
(Macrobid) (100 mg twice daily for 5 days), trimethoprim- 
sulfamethoxazole (160/180 mg twice daily for 3 days), 
or fosfomycin (3-g sachet in a single dose). One of these 
agents should be selected based on the patient’s allergy 
profile and compliance history, the community’s resistance 
patterns, drug availability, cost, and culture results when 
available. 

Nitrofurantoin has the advantage of having less tissue 
penetration and subsequently fewer systemic side effects, 
although as such it should not be prescribed in the setting of 
suspected pyelonephritis. Common side effects with nitro- 
furantoin include nausea and headache. It is contraindicated 
in patients with renal insufficiency, and long-term exposure 
can result in pneumonitis or peripheral neuropathy. Trime- 
thoprim-sulfamethoxazole should be avoided as a first-line 


therapy in areas where resistance exceeds 20%. It is associ- 
ated with risk of rash, urticaria, nausea, and hematologic 
side effects. Fosfomycin is a largely underused single-dose 
regimen that should be considered in first-line treatment 
of acute uncomplicated cystitis, although it may have lower 
efficacy than other regimens. Common side effects include 
diarrhea, nausea, and headache. 

Fluoroquinolones such as ciprofloxacin (250 mg twice 
daily for 3 days) and levofloxacin (250-500 mg once daily 
for 3 days) are relatively efficacious, although they have 
good tissue penetration, and as such they have a higher 
risk of systemic effects and should not be considered first- 
line treatment. Beta-lactam agents such as amoxicillin- 
clavulanate have less efficacy and more systemic effects, 
so they should be used sparingly for cystitis. Amoxicillin 
and ampicillin should not be used for empiric treatment 
because of their poor efficacy and side-effect profile, 
although they may be used based on culture-sensitivity 
results. Tables 39.1 and 39.2 list the dosages, toxicities, 
and spectra of antimicrobial activity for commonly pre- 
scribed antibiotics. 

A urinary analgesic such as phenazopyridine (Azo® or 
Pyridium®) can be used up to three times a day to alle- 
viate bladder discomfort, although it should not be used 
long-term because it may mask symptoms that require eval- 
uation. Repeat urine cultures are not indicated in patients 
with infrequent cystitis whose symptoms have resolved. 
However, post-therapy cultures should be obtained in all 
patients with persistent symptoms. Persistent symptoms 
may result from an incorrect diagnosis of cystitis, an infec- 
tion with a resistant organism, or patient noncompliance 
with treatment. In cases of resistance, a 7- to 10-day course 
of appropriate treatment should be prescribed. 


Table 39.1 Dosage and Toxicity of Antibiotics Commonly Used to Treat Urinary Tract Infections 

Drug Oral Dose and Frequency Minor Toxicity Major Toxicity 
Trimethoprim-sulfamethoxazole 160 mg/800 mg, q12h Allergic Serious skin reactions, blood dyscrasia 
Nitrofurantoin macrocrystals 100 mg, q12h Gl upset Peripheral neuropathy, pneumonitis 


Ampicillin 250-500 mg, q6h 


Tetracycline 250-500 mg, q6h 


Allergic, candidal overgrowth 


Gl upset, skin rash, candidal 


Allergic reactions, pseudomembra- 
nous colitis 
Hepatic dysfunction, nephrotoxicity 


overgrowth 

Allergic 

Nausea, vomiting, diarrhea, 
abdominal pain, headache, 
skin rash 


Cephalexin 
Ciprofloxacin 


250-500 mg, q6h 
250 mg, q12h 


Hepatic dysfunction 
Arrhythmias, angina, convulsions, 
gastrointestinal bleeding, nephritis 


Table 39.2 Spectrum of Antimicrobial Activity against Common Lower Urinary Tract Pathogens 
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Recurrent or Relapsing Urinary Tract 
Infection 


A recurrent urinary tract infection is defined as two or more 
infections during a 6-month period or three or more infec- 
tions in a year. The infections must be separated by at least 
2 weeks or involve documented treatment success of the 
first infection. This is in contrast to a relapsing urinary tract 
infection, in which there is a recurrent infection with the 
same bacteria within 2 weeks of treatment of the original 
infection. 

Most recurrent infections are caused by ascent of rectal 
and vaginal floral into the urinary tract. However, there is 
also evidence that the urothelial cells can act as a reservoir of 
bacteria that predispose women to reinfection. Intercourse 
is one of the strongest risk factors for recurrent urinary tract 
infection. Alteration of the vaginal flora can also predispose 
women to recurrent urinary tract infection. This is a major 
contributing factor to the increased risk in urinary tract 
infection observed in postmenopausal women. Evidence 
also suggests that genetic factors have a role in recurrent 
infections, because they appear to affect the rates of vaginal 
colonization of uropathogens as well as bacterial adherence 
to the urothelium. Additional risk factors for recurrent uri- 
nary tract infection include incomplete bladder emptying, 
cystocele, urinary incontinence, and mesh or sutures in the 
bladder. Isolation of Proteus on urine culture is suggestive of 
calculi in the urine and should prompt appropriate imaging 
studies and/or cystoscopy. 

Antibiotic prophylaxis should be considered in women 
with particularly bothersome recurrent urinary tract infec- 
tions, although it should be used with caution in women 
with a history of drug-resistant infections (see Table 39.3). 
Continuous prophylaxis can decrease the risk of recurrent 
infection by up to 95%, but it puts the patient at risk of 
antibiotic-related side effects and colonization with anti- 
biotic-resistant organisms. Regimens include one tablet of 
trimethoprim-sulfamethoxazole or nitrofurantoin nightly, 
or fosfomycin every 10 days. There is no definitive evi- 
dence indicating the proper duration of treatment, but most 
authorities advocate treatment for 6 months or longer. Post- 
coital prophylaxis (a single dose after intercourse) should 
be considered in women whose symptoms seem temporally 
related to intercourse, because it typically decreases over- 
all antibiotic exposure. Self-treatment of symptomatic uri- 
nary tract infections is an alternative to prophylaxis, because 
studies show women are over 80% accurate in self-diagnosis. 
This approach may result in more symptomatic infections 
than routine prophylaxis, although it will likely reduce over- 
all antibiotic exposure and reduce the duration of symptoms. 


Table 39.3 Oral Antimicrobial Agents Useful for 


Prophylactic Prevention of Recurrent Urinary Tract 


Infections 

Agent Dosage 
Nitrofurantoin 50 mg 
Trimethoprim-sulfamethoxazole 80 mg/400 mg 
Trimethoprim 100 mg 
Cephalexin 250 mg 


Topical estrogen should be considered for urinary tract 
infection prevention in postmenopausal women with 
recurrent urinary tract infection, particularly in those 
with a history of documented antibiotic-resistant infec- 
tions. Topical replacement vaginal estrogen normalizes 
the vaginal flora, increases the prevalence of lactobacilli, 
decreases vaginal E. coli colonization, and may even posi- 
tively regulate GAG layer thickness over time. In a dou- 
ble-blind, placebo-controlled trial of 93 postmenopausal 
women, vaginal estrogen decreased the risk of recurrent 
urinary tract infection by over 90% (Raz and Stamm 
1993). Vaginal estriol, applied nightly for 2 weeks and 
then twice weekly for 8 months, was shown to decrease 
the vaginal pH, increase Lactobacillus colonization, and 
decrease Enterobacter colonization. 

Data regarding administration of probiotics for preven- 
tion of recurrent urinary tract infection are inconclusive, but 
they suggest that probiotics may be beneficial. Probiotics 
may deter vaginal colonization by uropathogens by blocking 
the sites of attachment and decreasing vaginal pH, and by 
producing microbicides that fend off other uropathogens. 
A recent double-blind trial randomized women to single- 
strength Bactrim versus twice-daily oral Lactobacillus cap- 
sules (Beerepoot et al., 2012). The mean annual number 
of urinary tract infections was reduced from 7.0 to 2.9 in 
the Bactrim group compared with a reduction from 6.8 to 
3.3 in the Lactobacillus group. The median times to first 
urinary tract infection on treatment were 6 and 3 months, 
respectively. Although the Lactobacillus did not meet non- 
inferiority criteria, it clearly reduced urinary tract infection 
risk and did not increase antibiotic resistance. 

There has been great interest in the use of cranberry 
use and cranberry extract for the use of urinary tract 
infection prevention. Although cranberry juice has been 
shown to decrease the adherence of bacteria to the uro- 
thelium in a laboratory setting, clinical studies do not 
consistently demonstrate efficacy in urinary tract infec- 
tion prevention. Other measures such as voiding after 
intercourse, increasing fluid intake, and wiping perineally 
front to back have not been well studied, although they 
may reduce the risk of infection and put the patient at 
minimal risk. 

Imaging with ultrasound or CT and/or cystoscopy should 
be considered in women with recurrent urinary tract infec- 
tion in whom there is concern regarding possible structural 
or functional abnormalities of the urinary tract, although 
it is not indicated in a routine patient. Box 39.2 highlights 
correctable urinary tract abnormalities causing persistent 
bacteriuria. 


Urethral diverticulum 


Infected stone 

Significant anterior vaginal wall prolapse (cystocele) 
Papillary necrosis 

Foreign body, mesh, or suture in bladder or urethra 
Duplicated or ectopic ureter 

Atrophic pyelonephritis (unilateral) 

Medullary sponge kidney 
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Catheter-Associated Urinary Tract Infection 


Catheter-associated urinary tract infection, defined in Box 
39.3, is the most common hospital-acquired infection. Cath- 
eter-associated urinary tract infections can prolong hospital 
stay and cause bacteremia, joint infections, and death. By def- 
inition, a catheter-associated urinary tract infection is a symp- 
tomatic infection (see Box 39.3), because many catheterized 
patients are colonized with bacteria although they have no 
symptoms associated with the infection, and as such do not 
merit treatment. In one study of 1497 catheterized patients 
by Tambyah and Maki (2000), only 10% of patients with bac- 
teriuria had symptoms that localized to the urinary tract. 

Approximately two-thirds of catheter-associated urinary 
tract infections arise from the biofilm that grows on the out- 
side of the catheter in the urethra and bladder; the remain- 
ing infections generally arise from a contaminated collecting 
system (catheter bag or tubing). Urine collected for culture 
would ideally be a voided specimen, although removing urine 
from the port on the catheter or from the end of the catheter 
is acceptable. The bag is virtually always colonized with bac- 
teria and should not be used for specimen collection. 

Risk factors for catheter-associated urinary tract infec- 
tion include prolonged catheterization, poor catheter place- 
ment technique, female sex, and bacterial colonization of 
the drainage bag. Reducing unnecessary catheterization, 
automatic stop orders for inpatients with a catheter, rou- 
tinely changing catheters every 4 to 8 weeks, and staff 
education regarding the use of aseptic technique have been 
shown to decrease catheter-associated urinary tract infec- 
tion risk. Infectious Diseases Society of America guidelines 
(Gupta et al., 2011) indicate that providers also should 
avoid screening asymptomatic catheterized patients for bac- 
teriuria, because they do not merit treatment. Antibiotic 
prophylaxis during catheterization should be avoided, but 
may be considered after catheter removal in selected surgi- 
cal patients (Lusardi et al., 2013). 

Treatment of catheter-associated urinary tract infection 
requires 7 to 14 days of antibiotic treatment. A shorter course 
of treatment (3 days) can be considered in young women if 
the infection arises after catheter removal. There is not strong 
consensus on appropriate catheter management at the time of 
catheter-associated urinary tract infection, although the cath- 
eter should be removed altogether if possible. Data suggest 
that catheter-associated urinary tract infections respond more 
rapidly to treatment if the existing catheter is removed at the 
time of diagnosis, because antibiotics often cannot penetrate 
the biofilm on the catheter. Catheter removal is also associ- 
ated with a decreased risk of recurrent infection. 


Patients with indwelling catheter: At least one symptom or sign 
compatible with urinary tract infection with no other identified 
source (fever >38 °C, suprapubic or costovertebral angle tender- 
ness) and a positive urine culture (=10° CFU/mL of two or fewer 
bacteria or 10? to <10° CFU/mL with positive dipstick, pyuria, or 
bacteria on gram stain). 

Patients with catheter removed within 48 h: The definition 
above for patients with an indwelling catheter is modified to 
include the symptoms of dysuria, frequency, and urgency. 
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Asymptomatic Bacteriuria 


Asymptomatic bacteriuria is defined by the CDC as isolation 
of =100,000 CFU/mL of the same organism on two sepa- 
rate cultures in the absence of signs or symptoms of a urinary 
tract infection. Some advocate a less stringent definition of 
one culture with 100,000 CFU/mL of two or fewer bacte- 
ria. As noted in Fig. 39.1, the prevalence of asymptomatic 
bacteriuria increases with age and can be over 20% in non- 
institutionalized women >80 years of age, and is over 40% in 
institutionalized women. Bacteria involved in asymptomatic 
infections may not cause symptoms because of the decreased 
ability to bind the urothelium and decreased virulence. Host 
response likely has a role as well. Asymptomatic bacteriuria 
should only be screened for and treated in pregnancy, or 
before urologic surgery or hip arthroplasty. Treating asymp- 
tomatic bacteriuria does not reduce the risk of symptomatic 
infection or recurrence of asymptomatic bacteriuria. 
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For years, investigators who described their experience 
with urethral diverticula stated that more general aware- 
ness of this condition must prevail to improve identifica- 
tion of this condition. Urethral diverticula can be difficult 
to diagnose. They are often overlooked as a source of 
recurrent urinary tract infections, chronic pelvic pain, 
and voiding dysfunction. The standard evaluation for all 
patients with acute and chronic pelvic disorders should 
include urethral diverticula in the differential diagno- 
sis so that diagnosis and, ultimately, therapy will not be 
prolonged. Most patients present with a constellation of 
nonspecific irritative and obstructive voiding symptoms, 
which makes the correct diagnosis challenging. It has been 
shown that there is a significant delay in the diagnosis of 
female urethral diverticula in most patients. Even now, 
many women may have had this diagnosis overlooked as a 
cause for their pelvic disorders, and many of these patients 
have seen more than one pelvic health specialist, either 
in urology or gynecology, for their symptoms. Changes in 
the standard evaluation of women with reports of pelvic 
pain disorders should be instituted, so that with a thorough 
history, physical examination, and appropriately selected 
radiologic imaging, an exact diagnosis of the correct ure- 
thral pathology can be made. 


Incidence 


The true incidence of urethral diverticula is unknown and 
the reported incidence varies. The incidence of urethral 
diverticula was examined in 1967; Andersen showed that 
of 300 women examined for cervical cancer, nine patients 
were diagnosed with urethral diverticula, an incidence of 
3%. The estimated incidence in the literature shows that 
urethral diverticula have been identified in 0.6% to 6% of 
women. 


Etiology 


The female urethra is a short tubular structure that is sur- 
rounded by multiple periurethral ducts and glands, the larg- 
est of which is the Skene glands; these are adjacent to the 
distal urethra and drain into the meatus. Congenital anoma- 
lies of the female urethra are rare. Infrequently, obstructing 
urethral valves have been identified; more often, an ectopic 
ureter is identified within the urethra, which may masquer- 
ade as a urethral diverticular communication site. Boyd and 
Raz (1993) reported a patient with an ectopic ureter that 
drained into a urethral diverticulum. 
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Summary 


It is exceptionally rare to identify congenital urethral 
diverticula, although suburethral cysts have been identified 
in the newborn. Even in those few instances, the urethral 
diverticula have ultimately been shown to be remnants of 
Gartner duct cysts. These diverticula are linked histologi- 
cally to cloacal rests, and even have confused been as a pos- 
sible urethral duplication. Nevertheless, the incidence of 
childhood female urethral diverticula is exceedingly low, 
and as such, urethral diverticula are rarely diagnosed before 
the age of 20 years. 
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Female urethral diverticula are diagnosed most fre- 
quently in the third to fifth decades. Most diverticula are 
acquired, and a favored hypothesis regarding the etiology 
of female urethral diverticula begins in the paraurethral 
glands. Most diverticula of the female urethra are located 
dorsally or laterally and distally. It is believed that repeated 
infections and subsequent destruction of the paraurethral 
glands lead to abscess formation within the periurethral 
and urethral glands. These obstructed glands then rup- 
ture into the urethral lumen and remain as outpouchings 
off the urethra, which eventually epithelialize, becoming a 
true urethral diverticulum as opposed to a urethrocele or 
pseudodiverticulum. 

Other possible etiologies of female urethral diverticula 
include obstetric trauma, trauma from urethral instru- 
mentation, and postoperative urethral and vaginal surgery. 
Another rare, iatrogenic cause for a urethral diverticulum 
has been described after collagen injection therapy for treat- 
ment of stress urinary incontinence, resulting in a noncom- 
municating diverticulum with obstruction of a periurethral 
gland and persistent accumulation of secretions. A noncom- 
municating urethral diverticulum results when the commu- 
nication site from the urethra to the diverticulum closes off 
and creates a de novo obstruction. 

Urethral diverticula are urothelial mucosa-lined sacs 
that lie outside the urethra within the periurethral fas- 
cia and lack surrounding muscle. They are prone to urine 
stasis and repeated infections. Inflammation and chronic 
irritation resulting from the presence of urine and debris 
may lead to malignant degeneration into adenocarcinoma, 
transitional cell carcinoma, or squamous cell carcinoma. 
More commonly, the stasis of urine causes repeated urinary 
tract infections and possible calculus formation. Recurrent 
urinary tract infections are a frequent problem of women 
with urethral diverticula; positive urine cultures (>100,000 
colony-forming units/mL) often grow strains of Escherichia 
coli, other gram-negative bacilli, or gram-positive species 
such as Streptococcus faecalis. 

Prolonged urinary stasis may result in the formation of 
calculi. Calculi in diverticula are uncommon, with stone for- 
mation occurring in only 1.5% to 10%. Stones are usually 
due to salt deposition, stagnant urine, and mucus from the 
epithelial lining of the diverticula. 

The location, number, and extent of urethral diverticula 
have an impact on the choice of treatment. A classification 
system for female urethral diverticula was described by 
Leach et al. (1993), the location, number, size, configura- 
tion, communication, and continence. Providing an accurate 
description of the diverticula under evaluation will in turn 
facilitate therapy. 


Presentation 


Women come to their physicians with a host of symptoms, 
and unfortunately the patient’s description of each problem 
is not always textbook clear. Therefore, the task is left up 
to the physician to identify, evaluate, and treat the pathol- 
ogy. A history of recurrent urinary tract infections, stress 
urinary incontinence, and incomplete voiding are some of 
the most common presenting symptoms in women with 
urethral diverticula (Table 40.1). According to Hoffman 
and Adams (1965), the single most important problem is 


Table 40.1 Most Common Initial Problems 
in Women Who Came for Evaluation and were 


Ultimately Found to Have Urethral Diverticula, 
from 1964 to 2000 


Mean (%) Range (%) 
Recurrent urinary tract 47 9-83 
infections 
Stress urinary incontinence 46 28-100 
Incomplete voiding 33 28-38 
Dysuria 29 4-58 
Urgency 28 18-47 
Urge incontinence 27 11-35 
Frequency 26 16-38 
Postvoid dribbling 21 4-65 
Lower abdominal pain 20 1-50 
Pus per urethra 18 3-50 
Protruding vaginal mass 18 7-17 
Dyspareunia 13 1-24 
Hematuria 10 5-18 
Urine retention 10 3-21 
Difficulty voiding 8 2-14 


postmicturition dribbling. The addition of dysuria and dys- 
pareunia complete the classic triad. These are all nonspecific 
problems, however. If the symptoms also are accompanied 
by urgency, urge incontinence, frequency, and/or even a 
protruding vaginal mass, they are more highly suggestive 
of a urethral diverticulum. If pus can be expressed out 
the meatus with manual compression of the anterior vagi- 
nal wall, this strongly indicates the presence of a urethral 
diverticulum. Romanzi et al. (2000) reviewed their experi- 
ence with diverse presentations of urethral diverticula and 
decided that when symptoms mimic other disorders, and 
especially when they do not improve and respond with stan- 
dard therapy, it is important to entertain the possibility that 
the source of the pathology is a urethral diverticulum. 

Patients who have hematuria, difficulty voiding, and 
frank urinary retention may have urethral diverticula as the 
cause of the voiding disorder. 

Many patients receive a variety of treatments that 
include antibiotics, anticholinergic and antidepressant med- 
ications, bladder hydrodistention, and urethral dilations for 
suspected pelvic disorders. Some of the more common pre- 
sumed diagnoses are listed in Table 40.2. In summary, in any 
case of persistent lower urinary tract symptoms unrespon- 
sive to therapy, one should exclude a urethral diverticulum. 


Diagnosis 


To establish the correct diagnosis in women with a myriad 
of symptoms, it is critical to perform a thorough history and 
physical examination. Included in a standard history are 
questions relating to urinary control for stress urinary incon- 
tinence, urgency and urge incontinence, and pad usage. 
Irritative voiding symptoms such as frequency, nocturia, 
urgency, dysuria, urinary tract infections, pyelonephritis, 
and hematuria should be noted. Obstructive voiding symp- 
toms such as poor urine stream, difficulty voiding, hesi- 
tancy, and double-voiding also should be noted. A complete 
obstetric history is taken, noting the number of pregnan- 
cies, live births, and method of delivery. A neurologic his- 
tory and bowel patterns should be included in the questions. 


Table 40.2 Initial Diagnoses First Given to 


Patients, and Subsequent Treatment before the 
Diagnosis of Female Urethral Diverticulum 


Diagnosis Treatments 


Chronic cystitis, trigonitis, Antibiotics 
cystitis cystica 

Stress urinary incontinence 

Urgency, frequency, urge 
incontinence (overactive 
bladder, detrusor overactiv- 
ity) 

Interstitial cystitis, idiopathic 
pain syndrome 


Anti-incontinence surgery 
Anticholinergic therapy 


Hydrodistention, dimethyl 
sulfoxide instillation, tricyclic 
antidepressant therapy 


Urethral syndrome Urethral dilation 


Vulvodynia Vaginal creams, antibiotic/ 
antifungal therapy, physical 
therapy 

Cystocele Surgery 

Psychosomatic disorder Psychotherapy, pharmaco- 
therapy 


A complete medication list with allergies and medical and 
surgical histories are also important. 

A focused genitourinary examination is performed with the 
patient in the lithotomy position. A half-speculum is placed 
into the vagina to expose the anterior vaginal wall. The urethra 
and bladder are then well-visualized and the patient is asked 
to perform a Valsalva maneuver and cough, evaluate for ure- 
thral hypermobility and stress urinary incontinence, as well 
as for the presence of a cystocele. Careful attention is given 
to palpation of the urethra with attempts to express purulent 
material via the meatus and to evaluate for suburethral masses 
or tenderness. Postvoid residual volume measurement can 
be accomplished with an office ultrasound or with a urethral 
catheter. The catheterized urine specimen should be sent for 
urine culture. If the patient reported hematuria and irritative 
voiding symptoms, a urine cytology should be obtained. 

Not all patients will have a suburethral mass, and not 
all suburethral masses are urethral diverticula. The differen- 
tial diagnosis of peri- or suburethral masses is extensive and 
includes urethral diverticulum, urethrocele, Skene gland 
abscess, Gartner duct cyst, ectopic ureterocele, vaginal wall 
inclusion cyst, vaginal leiomyoma, and other, less frequent 
diagnoses (see Box 40.1). The urethra may be tender, and 
on occasion a large diverticulum is evident as an anterior 
wall mass that may express pus and debris from the urethral 
meatus when compressed. Suspicions of a urethral carci- 
noma or calculi arise if a firm mass is palpated along the 
vaginal wall. 

Urinary incontinence may be seen in patients suspected 
of having a urethral diverticulum. Examination for urethral 
hypermobility, stress incontinence, and pelvic organ prolapse 
are documented during the physical examination. Evidence 
of stress urinary incontinence may require urodynamic 
testing to assess the abdominal leak point pressure, and to 
determine the need for a simultaneous sling with excision of 
the diverticulum and reconstruction of the urethra. 

One must clinically suspect a urethral diverticulum to 
select the most appropriate procedures and imaging stud- 
ies. Many patients with urethral diverticula undergo urody- 
namic testing to evaluate voiding dysfunction. Urodynamics 
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Urethral diverticulum 


Urethrocele 

Skene gland abscess 
Gartner duct cyst 

Ectopic ureterocele 
Vaginal wall inclusion cyst 
Urethral carcinoma 
Vaginal carcinoma 
Vaginal fibroma 

Vaginal leiomyoma 
Vaginal leiomyosarcoma 


Modified from Blaivas JG, Flisser AJ, Bleustein CB, Panagopolous G. Periurethral 
masses: etiology and diagnosis in a large series of woman. Am | Obstet Gyne- 
col. 2004;103:842. 


provide information on bladder function, during both the 
storage and voiding phases. Certainly, not all patients will 
require urodynamic testing; however it should be used in 
patients who have had previous pelvic surgery, recurrent 
stress urinary incontinence after bladder surgery, and uri- 
nary retention without other known reasons. 

Urethroscopy may help establish the diagnosis of ure- 
thral diverticula; it is easily performed, has minimal mor- 
bidity, and produces a high yield of the correct diagnosis in 
experienced hands. Urethroscopy should be focused on the 
posterior wall in the three- and nine-o-clock positions to try 
to identify the suspected communication sites. 


Radiologic Imaging 


To supplement the pertinent history, thorough physical 
examination, urodynamic testing and cystourethroscopy, 
radiologic imaging has clearly enhanced the detection rate 
of urethral diverticula. With suspicion of a female urethral 
diverticulum, the judicious selection of imaging techniques 
should correctly establish the diagnosis and provide details 
that aid in surgical excision. Traditionally, evaluation to con- 
firm the diagnosis of female urethral diverticula was per- 
formed with positive-pressure urethrography (PPUG) and 
voiding cystourethrography (VCUG). However, currently 
multiple modalities are available to identify and characterize 
female urethral diverticula: PPUG, VCUG, ultrasonogra- 
phy, and magnetic resonance imaging (MRI). Controversy 
is ongoing as to which test is the most accurate, while con- 
sidering parameters such as cost, time, and patient comfort. 


Positive-Pressure Urethrography 


In the female, a retrograde urethrogram is performed with 
a double balloon (Trattner) catheter. After catheterizing the 
urethra, both balloons are inflated with fluid, one inside the 
bladder and the other on the external meatus. Contrast is 
infused under pressure into a channel between the balloons 
to fill out any urethral communications. Constant traction 
is placed on the bladder balloon to occlude the bladder neck 
and prevent contrast from entering the bladder, thus leaving 
the contrast to exit through the side holes and fill the ure- 
thral cavity. When performing PPUG, the urethral divertic- 
ula are best seen when varying the concentration of contrast 
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in both the proximal and distal balloons and then using 
undiluted contrast for the urethral injection. In a study by 
Fortunato et al. (1997), PPUG was found to have the high- 
est accuracy and sensitivity in detecting urethral diverticula 
compared with all other imaging modalities. Although there 
are diagnostic benefits to PPUG, there is often hesitation in 
ordering this study because of patient discomfort, invasive- 
ness, and infrequent performance in the radiology depart- 
ments. In another study by Neitlich et al. (1998), MRI was 
shown to be a more sensitive modality in detecting diver- 
ticula compared with PPUG. Of six patients with urethral 
diverticula, MRI identified four and PPUG only identified 
one diverticulum. 


Voiding Cystourethrography 


Historically, VCUG has been the radiologic study of choice, 
because it is easy to perform and can identify the number 
and the location of any female urethral diverticula. The 
technique in performing the X-ray examination is important 
during a VCUG; if the initial plain abdominal x-ray (KUB) 
does not show the inferior pubic rami, it is possible to miss 
the urethral pathology, because the urethra usually falls low 
on the KUB. Furthermore, many patients cannot void on the 
fluoroscopy table; accordingly, a postvoid film may not show 
the suspect diverticulum. To obtain the best study, both lat- 
eral and anteroposterior views of the pelvis during voiding 
delineate the position and number of diverticula in relation 
to the urethra. However, the success rates of VCUG vary 
compared with PPUG and MRI. Wang and Wang (2000) 
reviewed a 3-year experience comparing VCUG and PPUG 
to evaluate for female urethral diverticula and found that 
the sensitivity for VCUG was 51.3%, which was signifi- 
cantly lower compared with PPUG, which had a sensitivity 
of 84.6%. Another study showed that in 22 of 30 cases, the 
VCUG failed to demonstrate a female urethral diverticu- 
lum, but it was seen on PPUG (Jacoby and Rowbotham, 
1999). The cost of both tests was noted in the study; they 
were found to be comparable, within only $5.00 of each 
other. A comparison between endoluminal MRI and VCUG 
demonstrated that VCUG missed 7% of the diverticula, 
and it underestimated its size and complexity. 


Ultrasonography 


The sonographic appearance of urethral diverticula was 
first described using a transabdominal approach in 1977. 
The development of higher frequency probes and enhanced 
detection rates led to the development of endovaginal and 
then transperineal approaches. The noninvasive nature of 
transperineal ultrasound is considered advantageous in using 
this method as a screening technique for urethral diverticula. 
Translabial ultrasonography, done by placing the transducer 
against the labia minora and urethra, also has been described 
as a noninvasive approach to imaging the female urethra. An 
endorectal 5-MHz transducer has clearly shown the pres- 
ence of a urethral diverticulum; this may differ from endo- 
vaginal transducers that tend to focus on the cervix and not 
the anterior vaginal wall. Chapter 13 describes in detail the 
techniques of ultrasound imaging of the lower urinary tract. 
The main limitation of ultrasonography as an imaging modal- 
ity is that it is highly technician- and operator-dependent 


and accordingly does not have widespread acceptance at the 
present time. 


Magnetic Resonance Imaging 


MRI of the female urethra accurately demonstrates urethral 
pathology. Recently, MRI has developed several methods 
by which to image the female urethra. There have been 
advances in the development of endoluminal, endovaginal, 
endorectal, and external coils for MRI. All methods clearly 
distinguish urethral disorders. A standard protocol used 
extensively requires an external coil, T2-weighted, noncon- 
trast study of the pelvis, which does not require premedi- 
cation, instrumentation, or contrast opacification. Urine 
within the bladder has high signal intensity, bright white on 
T2-weighted images. A fluid-filled urethral diverticulum 
also shows a high-signal-intensity sac, and the soft tissue of 
the urethra has low signal intensity. Midsagittal and axial 
views of the pelvis are requested with each study. 

MRI clearly identifies urethral pathology, which provides 
a superior examination for surgical planning by accurately 
delineating the extent of the diverticula. Figure 40.1 dem- 
onstrates an example of a large “saddlebag” urethral diver- 
ticulum with lateral extensions into the periurethral space. 
Urethral diverticula may contain debris, infected urine, 
calculi, and carcinoma. When additional lesions are sus- 
pected, tumors may show enhancement with intravenous 
gadolinium. The multiplanar capability and excellent soft 
tissue contrast of MRI allow demonstration of periurethral 
and diverticular anatomy. 

In a comparison with urethroscopy in 20 women with 
voiding symptoms, Kim et al. (1993) showed MRI to have 
better sensitivity and better positive and negative predictive 
values than PPUG in diagnosing urethral diverticula. Clearly, 
MRI of the female pelvis provides excellent visualization of 
urethral diverticula, in addition to identifying other pelvic 
pathology and pelvic organ prolapse (Dwarkasing et al., 
2011). Therefore, to date, MRI is often the procedure of 
choice for evaluation of suspected urethral diverticula. 


FIGURE 40.1 Magnetic resonance image with coronal view of ure- 
thral diverticulum with large “saddlebag” appearance and exten- 
sions into lateral periurethral space. (Reprinted with the permission of 
The Cleveland Clinic Foundation.) 


Urethral and Urethral Diverticular 
Pathology 


Benign 


Pathology reports of urethral diverticula most often reveal 
chronic inflammation within transitional cell epithelium; 
however, there will be times when other lesions are dis- 
covered. Vaginal leiomyomata are rare anterior vaginal wall 
masses that may mimic urethral diverticula (see Box 40.1), 
and they may be removed during a vaginal exploration for a 
presumed urethral diverticulum. Careful histologic exami- 
nation of the pathology specimen is needed to ensure the 
benign nature of the entity and rule out leiomyosarcoma. 
Case reports of benign pathology findings within urethral 
diverticula have shown calculi, Wegener granulomatosis, 
and nephrogenic adenoma. 

Nephrogenic adenomas arise from chronic irritation and 
infection of transitional cell epithelium, creating a meta- 
plastic response. These are more commonly reported from 
bladder biopsies in the trigone, posterior or lateral bladder 
walls, and the bladder dome. Histologically, nephrogenic 
adenoma is a benign lesion with no malignant potential, con- 
sisting of tubular structures with a single layer of cuboidal 
and columnar epithelium resembling renal tubules. Neph- 
rogenic adenomas of the bladder uncommonly may recur. 


Malignant 


Urethral diverticular malignancies are rare in women (Thomas 
et al., 2008). Until 1993, only 53 cases had been reported, 
with the first case report in 1951. Adenocarcinoma is the 
most common histologic type (59%), followed by transitional 
cell carcinoma (30%) and squamous cell carcinoma (11%). 
This histologic pattern differs from malignancies of the ure- 
thra, in which the predominant cell type is squamous cell car- 
cinoma. The most common presenting symptoms of patients 
with malignancy within a urethral diverticulum are dysuria, 
frequency, urethral bleeding, and outflow obstruction. 

Clear cell adenocarcinoma has been also called meso- 
nephric carcinoma because of its morphologic resemblance 
to clear cell carcinoma of the kidney. Three theories regard- 
ing the origin of urethral diverticular carcinoma are periure- 
thral gland changes, metaplastic changes of the transitional 
cell epithelium, and embryonic remnants that undergo 
malignant change. The predominance of adenocarcinoma as 
the most common malignancy in urethral diverticula may 
best be explained by the diverticula arising from periure- 
thral glands. The female paraurethral ducts are thought to 
be embryologically homologous to the male prostate gland, 
and are the likely origin for diverticular cancer of the ure- 
thra. To date, it is unclear what is the best evaluation and 
follow-up in patients who may have the disease. My prac- 
tice is to closely observe older patients with diverticula after 
surgical therapy, to avoid late presentations of cancer. 

Diverticulectomy alone is inadequate treatment for a 
cancer because of the high rate of recurrence. Adjuvant use 
of chemotherapy and/or radiation therapy may be required. 
Other therapy options may include anterior exenteration 
and diversion. No one medical center to date has enough 
experience to gauge the single best treatment regimen for 
cancers within urethra diverticula. 
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Management of Female Urethral 
Diverticula 


Nonsurgical 


Patients who do not have significant symptoms from the 
diverticulum may be observed and treated with antibiotics 
and anticholinergic medications, thereby avoiding surgery if 
they remain asymptomatic. Small diverticula may be fol- 
lowed with conservative methods, which include observa- 
tion, manual postvoid decompression, aspiration, or even 
older methods of diverticular packing or injection therapy. 

Female urethral diverticula identified during pregnancy 
should be managed conservatively during the antenatal 
period. Moran et al. (1998) reported four patients with ure- 
thral diverticulum during pregnancy who were all managed 
nonoperatively; three women underwent aspiration of the 
diverticulum for treatment of urethral symptoms and one 
woman was treated with antibiotics alone, followed by exci- 
sion postnatally. Aspiration can be performed easily using 
local anesthesia, gently inserting an 18-gauge needle into the 
diverticulum, and slowly aspirating diverticular fluid with a 
syringe. 

Thus, nonsurgical management of urethral diverticula 
ought to be considered in patients with few symptoms and 
in all patients in whom the risk of surgery might outweigh 
the benefits, as in pregnancy. Hemorrhage and trauma of 
surgery in the vaginal and periurethral tissues could lead to 
wound breakdown, infection, and possible development of 
a urethrovaginal fistula. Surgical management of female ure- 
thral diverticula might be best delayed until conditions for 
adequate healing and satisfactory results are optimal, such 
as after the postnatal period, or after antibiotic therapy has 
reduced inflammation. 


Surgical Management 


Marsupialization 


Spence and Duckett (1970) advocated a “generous meatot- 
omy” to be employed for distal diverticula. This treatment 
was thought to be an effective treatment only for distal ure- 
thral diverticula, and required leaving the bladder neck area 
and proximal urethra completely untouched. It could result 
in incontinence if performed proximal to midurethral diver- 
ticula. The basic surgical technique involves incising along 
the floor of the urethra from the meatus to the diverticular 
ostia, trimming redundant tissue, and saucerizing the sac 
into the vagina. 


Endoscopic 


Minimally invasive treatment options in the treatment of 
female urethral diverticula have evolved from cauterization 
of the exposed urethral wall to transurethral electrocoagula- 
tion, always using urethroscopy as an intraoperative aid to 
verify the location and number of diverticular ostia. Lapides 
(1979), using electrocautery for transurethral incision of 
the diverticular ostia, was the first to describe endoscopic 
treatment of urethral diverticula. In continued attempts 
to simplify treatment, the transurethral incision of diver- 
ticula using a cold urethrotome in a longitudinal fashion, 
both proximally and distally to widely open the roof of the 
diverticulum, was employed. Transurethral diverticulotomy 
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promotes drainage of diverticular contents into the ure- 
thra. However, noting that recurrent urethral diverticula 
may develop, this was not considered as definitive a cure as 
transvaginal diverticulectomy. 

Transurethral electrocoagulation is performed by insert- 
ing a knife electrode through the diverticular ostia and ele- 
vating the resectoscope to invert the diverticula sac; then, 
the tented roof is fulgurated with the wall of the diverticu- 
lum. This technique reminds us of the endoscopic treat- 
ment of bladder diverticula, where the sac is pulled into the 
bladder and then cauterized. Minimally invasive surgery for 
the treatment of urethral diverticula using an endoscopic 
approach is considered safe and effective regardless of the 
location; compared with formal transvaginal diverticulec- 
tomy, it have a shorter operating time and less risk of post- 
operative incontinence and urethrovaginal fistula. 


Excision of Urethral Diverticula 


Formal transvaginal excision of the urethral diverticulum is 
our treatment of choice for symptomatic women in most 
of cases. During the initial evaluation of a patient, if there 
is a considerable amount of inflammation and infection, 
incision and drainage of an infected urethral diverticulum 
may be needed before definitive excision and reconstruc- 
tion. Also, stress urinary incontinence often coexists with 
urethral diverticula and should be evaluated before surgery 
with urodynamic testing, to determine the need for a con- 
comitant pubovaginal sling. 

After the patient is prepped and draped, a 16 French 
Foley catheter is inserted into the urethra. A suprapubic 
tube is placed (optional) using a Lowsley retractor through 
the lower midline anterior abdominal wall, and then placed 
on gentle traction to avoid extravasation of irrigation fluid. 
The urethral Foley is replaced and a Scott or Lonestar ring 
with hooks and a weighted vaginal speculum are used for 
retraction. Exposure of the anterior vaginal wall reveals 
a cystic mass in the midurethra (Fig. 40.2). An inverted 
U-incision is outlined with a marking pen, up to near the 
distal aspect of the urethral diverticulum and just proximal 
to the urethral meatus. A prepared solution of 0.5% lido- 
caine with 1:200,000 epinephrine is injected into the ante- 
rior vaginal wall to facilitate dissection and hemostasis. 

A flap of the anterior vaginal wall is prepared and care- 
fully dissected with Metzenbaum scissors (Fig. 40.3). 
Care should be taken to keep this dissection superficial 
over the periurethral fascia, to avoid entrance into the 
urethral diverticula. The hooks are then advanced to 
retract the edges of the anterior vaginal wall. The peri- 
urethral fascia should be opened transversally (Fig. 40.4). 
It is imperative that the dissection be carried out pre- 
cisely and that each layer be identified and preserved to 
assist in later reconstruction of the periurethral fascia 
and vaginal wall flaps. The periurethral fascia is dissected 
posteriorly and the distal dissection of this fascia further 
exposes the wall of the diverticulum (Fig. 40.5). This 
dissection is easier while the diverticulum is still full of 
fluid, because a full diverticular sac aids in identifying the 
edges of the sac and its subsequent mobilization off the 
urethra and surrounding tissues. Another potential aid in 
the surgical dissection of a friable urethral diverticulum 
can be accomplished by placing a pediatric Foley cath- 
eter into the diverticulum, inflating the balloon, and then 
distending a collapsed diverticulum. 


FIGURE 40.2 Anterior vaginal wall mass (urethral diverticulum) 
exposed for surgery. (Reprinted with the permission of The Cleveland 
Clinic Foundation.) 


FIGURE 40.3 The diverticulum is initially exposed by creating an 
inverted U-incision starting near the external urethral meatus and 
dissected toward the diverticulum’s most proximal extent. (Reprinted 
with the permission of The Cleveland Clinic Foundation.) 
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FIGURE 40.4 The periurethral fascia is opened transversely to 
expose the diverticulum. (Reprinted with the permission of The Cleve- 
land Clinic Foundation.) 


FIGURE 40.5 The flaps of periurethral fascia are reflected anteriorly 
and posteriorly to expose the diverticulum. Good anterior, posterior, 
and lateral exposure is important at this step to allow creation of a 
solid layer for reconstruction. (Reprinted with the permission of The 
Cleveland Clinic Foundation.) 


FIGURE 40.6 The diverticulum is exposed completely and excised 
flush with the Foley catheter. One may elect not to excise much 
urethra, but the main point is to leave no residual diverticulum and 
to expose the ostium or ostia. (Reprinted with the permission of The 
Cleveland Clinic Foundation.) 


In an intact urethral diverticulum, the wall of the diver- 
ticula is opened transversely and a collection of pus and 
fluid is drained. The lumen of the diverticular sac is seen 
and the thick wall of the sac is dissected free from the 
spongy tissue of the urethral wall. The diverticulum is 
excised flush to the point of entrance of the urethral wall 
(Fig. 40.6). The Foley balloon is deflated and the catheter 
is brought into the urethral lumen and irrigation of the ure- 
thra demonstrates the point of communication, the diver- 
ticular ostium (Fig. 40.7). The urethral communication 
site is identified and closed with fine synthetic absorbable 
suture in a longitudinal fashion. The periurethral fascia 
is reconstructed transversely and the sutures are applied 
in a figure-of-eight fashion and tied individually. The two 
flaps of the periurethral fascia and muscular wall of the 
urethra are identified and the defect in the periurethral 
fascia is sutured adjacent to the urethra in a vertical man- 
ner to close the dead space and prevent a recurrence of the 
diverticulum (Fig. 40.8). The periurethral fascia is closed 
to avoid any overlapping suture lines, which could lead to 
a dehiscence. The catheter is partially removed and the 
urethra is irrigated to confirm a watertight closure. The 
transverse closure of the periurethral fascia and urethral 
wall has been completed. If a Martius flap or a pubo- 
vaginal sling is necessary, it may be placed after closure 
of the periurethral fascia, with the Martius fat pad graft 
most superficial, before closing the anterior vaginal wall 
flap. A Martius labial fat pad graft can be used between 
the urethra and the vaginal wall when there is an absence 


PART 8 Specific Conditions 


FIGURE 40.7 Once the diverticulum is excised, the ostium may be 
located by displacing the Foley tip into the external urethral meatus 
and instilling saline to distend the urethra and identify the ostium or 
ostia. (Reprinted with the permission of The Cleveland Clinic Foundation.) 


of adequate periurethral fascia for a second layer or when 
operating on recurrent diverticula or in cases of poor and 
inflamed tissues. 

The excess of vaginal wall is excised and the anterior vag- 
inal wall is advanced forward to cover the area of the recon- 
struction. Running a No. 2-0 synthetic absorbable suture is 
used to complete the closure of the anterior vaginal wall 
(Fig. 40.9). An antibiotic or conjugated estrogen-based pack 
is placed into the vagina, and the urethral and suprapubic 
catheters are left to gravity drainage. 

Optimal surgical results require absolute adherence to 
surgical principles and an understanding of the surgical anat- 
omy of the layers of vaginal wall, periurethral fascia, and 
urethra. The most important factors in urethral diverticula 
operative success and avoidance of complications include a 
watertight anastomosis, precise dissection, anatomic closure 
of the urethral layers, and nonoverlapping suture lines. 


Circumferential Urethral Diverticula 


When the urethral diverticulum is circumferential or a “sad- 
dlebag,” it must be completely excised anterior to the urethra 
and behind the pubic ramus. This dissection can be unwieldy 
and visualization can be difficult. When a circumferential 
diverticulum is encountered, it may be necessary to com- 
pletely divide the urethra and excise a segment, to expose the 
dorsal wall of the diverticulum. Reconstruction of the urethra 
requires a tension-free end-to-end anastomosis; if the urethral 
ends will not meet the dorsal wall of the diverticulum, it can 


FIGURE 40.8 Once the ostium is closed, the periurethral fascial 
defect is reapproximated to leave no dead space, and then the peri- 
urethral fascial flaps themselves are trimmed and closed with figure- 
of-eight sutures to reconstruct the urethral walls. (Reprinted with the 
permission of The Cleveland Clinic Foundation.) 


be tubularized to construct a neourethra (Rovner et al., 2001). 
Alternatively, a more anteriorly located diverticulum can be 
approached entirely suprameatally and excised accordingly. 


Excision of Urethral Diverticula and 
Concomitant Bladder Neck Suspension 


Urethral diverticula are often present in women who have 
primary reports of stress urinary incontinence. Between 28% 
and 100% of patients have bona fide stress urinary inconti- 
nence and a coexisting urethral diverticula. Ganabathi et al. 
(1994) performed transvaginal needle suspension in 48% of 
patients to treat stress urinary incontinence intraoperatively 
before proceeding with the urethral diverticular dissection; 
the needle suspension was performed first to prevent manip- 
ulation and compression of the diverticular sac. Continence 
rates from that study showed that 45 of 56 women (80%) 
were continent after surgery in those who had a concomi- 
tant needle suspension and urethral diverticulum excision. 
The authors also reported that the incontinence cure rate 
with needle suspension did not show long-lasting results; the 
recurrent stress incontinence rate was 20% (11 of 56). A con- 
comitant pubovaginal sling showed improved continence rates 
postoperatively, because Swierzewski and McGuire (1993) 
showed that all patients were cured of stress urinary incon- 
tinence during follow-up of a mean of 17 months. Faerber 
(1998) showed that they were able to successfully perform 
simultaneous urethral diverticulectomy and pubovaginal sling 


FIGURE 40.9 The anterior vaginal wall closure is completed if 
no Martius flap or sling is required after the periurethral fascia 
flap is closed. (Reprinted with the permission of The Cleveland Clinic 
Foundation.) 


safely in 16 women, without erosion and with excellent con- 
tinence rates. Pubovaginal sling can be successfully performed 
at the time of urethral diverticulectomy in patients with uro- 
dynamic stress incontinence. It would not be prudent to use a 
synthetic graft under a fresh urethral reconstruction, to mini- 
mize the likelihood of graft perforation. 


Postoperative Care 


Patients who undergo surgery for urethral diverticula are dis- 
charged the same day as surgery or within 23 hours, usually 
with both a urethral Foley and a suprapubic tube for grav- 
ity drainage. Antibiotics and anticholinergics are used while 
the catheters remain in place. A VCUG 2 weeks after sur- 
gery is obtained to rule out extravasation. If a small amount 
of extravasation is seen, the urethral Foley is removed and 
the suprapubic tube remains in place for gravity drainage. 
A repeat VCUG may be performed the following week to 
demonstrate the resolution of extravasation. The suprapu- 
bic tube is then plugged and voiding trials begin, until the 
patient can void with low postvoid residual urine volumes, 
at which point the suprapubic tube is removed. 


Complications 
Intraoperative 


During surgery, it is always possible to encounter an unex- 
pected complication. Most important, it is necessary to 
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be prepared for the unexpected, recognize the error, and 
understand the anatomy; this will help hasten the correc- 
tion and complete surgery successfully. Rarely is excessive 
bleeding noted in vaginal surgery; however, this is usually 
controlled with judicious use of electrocautery and timely 
wound closure with vaginal packing for a tamponade effect. 

If the urethral diverticulum was large and a large defect 
is noted in the urethra, this can be difficult to reapproxi- 
mate. To close the urethral defect, it may be necessary to 
expose more of the urethral wall and suture the edges over 
a smaller catheter. Incomplete excision of the sac should be 
noted intraoperatively; the sac would need to be completely 
excised to prevent recurrence of urethral diverticula or ure- 
throvaginal fistula. 

Patients with longstanding urinary tract infections often 
have diverticula that are significantly inflamed and infected, 
even if they have been receiving antibiotic therapy. This 
often leaves poor-quality tissue for the urethral reconstruc- 
tion. A vascularized Martius fat pad graft placed between 
the periurethral fascia and the vaginal wall adds a protective 
layer, helping to minimize the occurrence of a urethrovagi- 
nal fistula (Leach, 1991). If a large periurethral abscess is 
seen on exploration, a staged procedure may be required. 
First, incision and drainage of the abscess are needed, fol- 
lowed by the urethral diverticulum excision at a later date, 
after a period of healing. 

Large proximal urethral diverticula may extend into the 
trigone and bladder neck, which can be difficult to excise. 
The ureters lie is a position along the trigone and then out 
laterally; it is essential to identify them ahead of periure- 
thral fascial closure. Bladder and ureteral injury can occur 
and should be recognized promptly and repaired. Intrave- 
nous injection of indigo carmine will assess both ureteral 
and bladder integrity. 


Postoperative 


The most recognized complications after urethral diverticu- 
lar surgery are urethrovaginal fistula, urethral diverticula 
recurrence, and new-onset urinary incontinence. In a review 
of the literature before 1995, Ganabathi et al. (1994) 
showed that the most common postoperative complications 
were urethrovaginal fistula (mean, 4.2%), recurrent diver- 
ticulum (mean, 12.2%), stress incontinence (mean, 8.5%), 
recurrent urinary tract infections (mean, 11.7%), and ure- 
thral strictures (mean, 2.1%). 

The urethrovaginal fistula formation is the most diffi- 
cult and dreaded complication of diverticular surgery, and 
should be treated only after a reasonable period of healing, 
usually 3 months. Inflammation must be reduced before 
attempted reconstruction, to optimize the chance for a suc- 
cessful repair. A Martius fat pad graft is often used over the 
repair to improve vascularity and postoperative healing. 

Recurrent urethral diverticula have been shown in up to 
12% of cases (Ganabathi et al., 1994). Risk factors include 
active urethral infection at the time of surgery, difficult dis- 
section, and excessive suture line tension (Inber, 2011). 
Care must be taken during the primary repair to avoid these 
risk factors, even if mobilization of the urethra is necessary. 

Secondary stress urinary incontinence that was not 
present before surgery is rare, but may develop in women 
because of dissection of the urethral support mechanisms 
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(Lee, 2008). A nonfunctional urethral sphincter mechanism 
may result in severe incontinence, because extensive dissec- 
tion of the urethral wall causes this damage. Postoperative 
stress incontinence may require treatment with a subse- 
quent pubovaginal sling or periurethral injection therapy, 
although it must be done with caution. 

Once postoperative complications are recognized and 
identified, proper planning will lead to a cure. It may be 
necessary to delay a repair for tissues to heal from the 
primary surgery, and to prevent subsequent failures. The 
curative strategy must be conveyed to patients so they will 
develop accurate expectations. 


Summary 


The key to successful treatment of female urethral diver- 
ticula is not only in the surgical management, but also in 
the identification and evaluation of the patients who have 
a myriad of symptoms. Spence and Duckett noted that 
“recognition of this disorder is particularly gratifying.” One 
needs to include urethral diverticula in the differential diag- 
nosis when evaluating women who appear to have urethral 
syndrome, interstitial cystitis, and urgency-frequency syn- 
drome before these labels are misplaced in diagnosing these 
patients. The diagnosis may not be obvious, and the pathol- 
ogy not easily seen on physical exam; however, if the index 
of suspicion is high and the proper radiologic imaging stud- 
ies are acquired, the correct diagnosis will be made. 
Evaluation of the female urethral diverticulum has 
evolved over the past 50 years; once the accurate diagnosis is 
identified, the management is mostly straightforward. Strict 
adherence to the principles of surgical reconstruction will 
eradicate the diverticulum and prevent complications and 
recurrences. The method of identification, evaluation, and 
management for female urethral diverticula, as well as some 
of the surgical technical points, are described to help accom- 
plish a successful reconstruction and avoid complications. 
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Historic Perspectives 


The earliest evidence of a vesicovaginal fistula was reported 
by Derry (1935) in the mummified remains of Queen Hen- 
henit, one of the wives of King Mentuhotep II of Egypt (11th 
Dynasty, c. 2050 BC). In his dissection of the mummy at the 
Cairo School of Medicine in 1923, Derry noted a large vesico- 
vaginal fistula in the presence of a severely contracted pelvis; 
he concluded that the fistula was a consequence of obstructed 
labor. Hippocrates (460-377 BC) recognized the problem of 
urinary incontinence after confinement but offered no clue as 
to its cause. In his textbook, Al Kanoun, the celebrated Per- 
sian physician Avicenna (980-1037) was the first to recognize 
that urinary incontinence after difficult labor was caused by 
communication between the bladder and vagina. 
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No further reference to vesicovaginal fistula appeared 
until 1597, when both Felix Platter of Basle and Luiz de 
Mercado of Valladolid separately reviewed the problem but 
offered no constructive therapeutic advice. Zacharin (1988) 
states that de Mercado first used the term fistula instead of 
the usual term ruptura. 

In 1663, van Roonhuyse of Amsterdam published 
Medico-Chirurgical Observations About the Infirmities 
of Women. Commonly thought of as the first textbook on 
operative gynecology, this text was translated into English 
in 1676. The fourth chapter is titled, “Rupture of the Blad- 
der: The Signs, Causes, Prognostics and Cure Thereof.” van 
Roonhuyse proposed a revolutionary surgical technique for 
the closure of vesicovaginal fistulae based on the following 
principles: lithotomy position, good exposure of the fistula 
with a vaginal speculum, marginal denudation of the fistula 
edge, use of a fine scissors or knife, and approximation of 
the denuded edges with “stitching needles of stiff swans’ 
quills.” No record has been found that van Roonhuyse oper- 
ated on patients using this technique. In 1752, a medical 
text by Swiss physician Fatio was published. In it were 
recorded two successful fistula repairs performed by Fatio 
in 1675 and 1684, using van Roonhuyse’s technique. 

In 1687, Volter suggested that sutures should be inter- 
rupted, and he introduced the use of a retention urinary 
catheter. During this same period, Pietro DiMarchettis 
(1675) claimed complete cures, using cautery. In later years, 
Monteggia, Dupuytren, and others also recommended 
cautery. 

The nineteenth century was the dawn of a new era in the 
surgical treatment of vesicovaginal fistulas. In 1834, Jobert 
de Lamballe (1852) successfully repaired a small number 
of fistulas using pedicled skin flaps (autoplastie vaginale 
par la methode indienne). A second technique (autoplas- 
tie par glissment ou par locomotion) later enabled him to 
close a greater number of fistulas. This technique involved 
dissecting the bladder from the cervix and vagina with the 
additional use of curved releasing incisions in the vagina to 
facilitate mobilization and closure without tension. 

In a letter to the Boston Medical and Surgical Journal 
in August 1838, Mettauer (1840) of Virginia stated that he 
had repaired a vesicovaginal fistula about the size of a half- 
dollar piece using lead wire, with good results. This was the 
first successful repair in the United States. 

On June 21, 1849, in an eight-bed infirmary on Perry 
Street in Montgomery, Alabama, J. Marion Sims (1852) 


operated on a young slave woman named Anarcha for the 
thirtieth time. Using the genupectoral position, a bent pew- 
ter spoon as a vaginal speculum, and reflected light from a 
mirror, Sims denuded the fistula edge, closing the defect in 
one layer with fine silver wire applied with leaden bars and 
perforated shot. On the eighth day, Sims reexamined the 
patient and noted that the wound was well healed. In 1852, 
he published his classic paper “On the Treatment of Vesico- 
vaginal Fistula” in the American Journal of Medical Sciences. 
He deprecated both cautery as advocated by Dupuytren for 
small fistulas and obturation of the vulva as practiced by Vidal 
de Cassis (whereby the bladder and vagina are converted into 
a common reservoir for urinary and menstrual discharge). 
Sims insisted on the liberal use of opium for perioperative 
analgesia and stressed the importance of postoperative blad- 
der drainage with a urethral catheter. He later designed a sil- 
ver sigmoid-shaped, self-retaining catheter for this purpose. 
In 1853, Sims moved to New York and, 2 years later, became 
chief surgeon in the newly built Woman’s Hospital, where he 
was later joined by a brilliant young assistant, Thomas Addis 
Emmet. Sims and Emmet worked closely together, with 
Emmet perfecting many of his mentor’s techniques. 

In his text, Vesico-Vaginal Fistula from Parturition and 
Other Causes with Cases of Recto-Vaginal Fistula (1868), 
dedicated to Sims, Emmet reported on 270 consecutive 
patients treated in the Woman’s Hospital: 200 were cured, 
65 were improved, and 5 were considered incurable. Emmet 
eventually succeeded Sims at the Woman’s Hospital. His 
greatest contribution to obstetric care was arguably his insis- 
tence that frequent catheterization of the bladder in labor, 
together with the judicious use of forceps for second-stage 
delay, would prevent the majority of labor-related vesico- 
vaginal fistulas. 

In 1861, Collis of Dublin advocated the flap-splitting 
technique, whereby the anterior vaginal wall is widely dis- 
sected from the bladder with separate closure of the two 
defects. This method was later popularized by Mackenrodt 
(1894) in Berlin. 

In the 1880 and 1890s, Trendelenburg and von Dittel 
reported failed attempts at fistula repair, using extraperi- 
toneal and suprapubic approaches, respectively. Schuchardt 
(1893) also devised a parasacral incision, which permitted 
better access to high fistulas, particularly when associated 
with vaginal stenosis. 

The discovery of antibiotics and the development of 
general and regional anesthesia contributed significantly to 
the surgical treatment of vesicovaginal fistulas in the twen- 
tieth century. Other notable milestones included urethral 
reconstruction using lateral vaginal flaps and labium minus 
grafts (Noble, 1901); suprapubic intraperitoneal repair of 
posthysterectomy, high vesicovaginal and rectovaginal fistu- 
las (Kelly, 1902); partial colpocleisis for posthysterectomy 
vesicovaginal fistulas (Latzko, 1942); urethral reinforce- 
ment using pelvic floor muscles (Martius, 1928); pedicled 
gracilis muscle flap (Garlock, 1928); bulbocavernosus flaps 
(Martius, 1942); abdominal repair technique of vesico- 
vaginal fistulas involving bisection of the bladder (O’Conor 
and Sokol, 1951); pubococcygeus, bulbocavernosus, rectus 
abdominis, and gracilis flaps (Ingelman-Sundberg, 1960); 
the use of pedicled omental flaps in the repair of exten- 
sive vesicovaginal fistulas (Kiricuta and Goldstein, 1972); 
and urethral reconstruction (Symmonds and Hill, 1978; 
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Tanagho and Smith, 1972). Knowledge of effective repair 
of genitourinary fistulas became more widely disseminated 
with the publication of The Vesico-Vaginal Fistula (Moir, 
1961). Greater international attention was brought to the 
immense problem of genitourinary fistulas in developing 
countries with the foundation of the Second Fistula Hos- 
pital in Addis Ababa, Ethiopia, in 1975, and the report of 
1789 fistulas repaired during an 11-year period from Nigeria 
(Ward, 1980). 


Epidemiology and Etiology 


Most of the literature on the etiology, diagnosis, manage- 
ment, and prevention of lower urinary tract fistulas consist 
of expert opinions, case series, or cohort studies, with few 
randomized controlled trials. Many of the studies are based 
on experiences with obstetric fistulas, which primarily occur 
in women in developing countries. Research in these envi- 
ronments is often limited by resource scarcity and plagued 
with short-term follow-up periods. It is important to review 
the information presented in this chapter with these limita- 
tions in mind. 

Lower urinary tract fistulas occur secondary to a defect or 
vulnerability in the wound-healing process. Wounded tissue 
undergoes four phases of healing: coagulation, inflammation, 
fibroplasia, and remodeling. These phases do not occur inde- 
pendently but overlap one another. During the fibroplastic 
phase, collagen is laid down, reaching its peak on the seventh 
day after injury and continuing for 3 weeks. Between the 
first and third weeks, healing is most vulnerable to hypoxia, 
ischemia, malnutrition, radiation, and chemotherapy, so this 
is the time when most fistulas present. Conditions known 
to interfere with wound healing are associated with an 
increased risk of fistula formation, including diabetes mel- 
litus, smoking, infection, peripheral vascular disease, chronic 
steroid use, malignancy, and previous tissue injury. 


Obstetric Fistulas 


The vast majority of vesicovaginal fistulas that occur in 
women in developing countries are caused by obstetric 
trauma. Obstetric fistula occurs when women experience 
prolonged, obstructed labor without access to emergency 
obstetric care allowing cesarean section. Prolonged pressure 
of the fetal head within the maternal pelvis results in necro- 
sis of the pelvic tissue trapped between the fetal head and 
the maternal bony pelvis, which leads to tissue breakdown 
and eventual fistula formation. Of 377 cases reported by 
Lawson (1989) from Ibadan, Nigeria, 369 (97.9%) were 
obstetric and 343 were a consequence of obstructed labor. 

Obstetric fistula is estimated to affect 2-3.5 million 
women in the developing world including Sub-Saharan 
Africa and South Asia. Prevalence estimates of obstetric 
fistula from demographic health surveys and other popula- 
tion-based surveys range widely from 0.16% to 4.7% in Sub- 
Sahara Africa and 0.08% to 2.7% in South Asia. However, 
the accuracy of these figures is unknown as they are based 
on expert opinions or extrapolation of expert experiences 
from hospital-based settings. Additionally, many of the pop- 
ulation-based surveys are limited by the use of different, 
unvalidated, case-defining questions without confirmatory 
examinations. 
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Women at risk for and with obstetric fistula commonly 
live in rural areas, deliver at home without access to estab- 
lished medical care, and may go unnoticed by public health 
officials or health care providers. Many women are unaware 
that the condition is treatable and thus lack appropriate care 
due to social isolation as a result of their urine leakage symp- 
toms. Poverty, lack of knowledge, long travel distances, and 
waiting lists deter women from traveling to major centers 
and undergoing care. As a result, many of these women live 
with fistula symptoms for many years and face abandon- 
ment by their families and isolation from society. A study 
of five countries in Southeast Asia found that 62% to 92% 
of afflicted women were divorced from their husbands 
and rejected from society. Studies from Africa also dem- 
onstrated high divorce rates, with a high prevalence (73%- 
90%) of psychological conditions such as depression. 

The risk factors that lead to obstetric fistula develop- 
ment are incompletely understood. Most of the published 
studies are from Africa, from hospital-based descriptive 
case series, and may have limited generalizability. The com- 
monly accepted prototype of the fistula patient is a poor 
and malnourished young woman of limited formal educa- 
tion from a rural area, who attempts a home delivery with- 
out a trained birth attendant, which results in prolonged, 
obstructed labor and delivery of a stillbirth infant. In vari- 
ous hospital-based case series, the mean age of women with 
obstetric fistula ranges from 19 to 35 years,and in approxi- 
mately half (31%-81%) of women, the fistula developed 
during their first delivery. Although traditional practices 
such as female circumcision have not been shown to be 
associated with an increased risk for fistula development, 
other traditional practices such as Gishiri cutting (i.e., lon- 
gitudinal cuts in the vagina, made for various obstetric and 
gynecologic disorders) and the use of traditional postpartum 
vaginal caustic agents, may also be associated with fistula 
development. Several case series have documented short 
stature in women with fistulas, with average heights of 149 
to 156 cm, and smaller foot sizes. Other possible anthro- 
pomorphic risk factors include reduced pelvic dimensions 
(caused by early childbearing, chronic disease, malnutrition, 
and rickets). Even after presenting to a hospital, a woman 
may still develop a fistula caused by trauma from forceps 
or other instruments used to deliver stillborn infants or 
perform surgical abortion. Vesicovaginal fistulas can follow 
cesarean delivery or peripartum hysterectomy, particularly 
in the presence of distorted anatomy (e.g., large fibroids 
with massive hemorrhage) or if the procedure is being per- 
formed by an inexperienced surgeon. 


Gynecologic Fistulas 


In developed countries, the major cause of genitourinary 
fistulas is abdominal surgery and, more recently, laparo- 
scopic and robotic surgery, especially when hysterectomy 
is performed. In the United States, vesicovaginal fistulas 
are caused by benign gynecologic surgery (80%); obstetric 
events (10%); surgery for malignancies of the cervix, uterus, 
or ovary (5%); and pelvic radiotherapy (5%). Four-fifths of 
postsurgical fistulas in the developing world are the result 
of operations performed by obstetrician-gynecologists, and 
the remaining fifth is divided among urologists, colorectal, 
vascular, or general surgeons. 


Predisposing risk factors for lower urinary tract fistulas 
include intraoperative cystotomies that extend into the 
trigone or bladder neck, hysterectomy for a large uterus, 
intraoperative blood loss greater than 1000 mL, and tobacco 
use (Duong et al., 2009). Other risk factors include prior 
pelvic irradiation, pelvic adhesions, endometriosis, previ- 
ous pelvic operations including cesarean section, history 
of pelvic inflammatory disease, diabetes mellitus, and con- 
current infection. Lee et al. (1988) reviewed 303 cases of 
genitourinary fistulas in women treated at the Mayo Clinic. 
Gynecologic surgery was responsible for 82% of the fistu- 
las, obstetric events for 8%, radiation therapy for 6%, and 
trauma or fulguration for 4%. Seventy-four percent of fistu- 
las resulted from gynecologic surgery for benign conditions 
such as fibroids, dysfunctional uterine bleeding, prolapse, 
incontinence, and endometriosis. Fistulas occurred after 
surgery for malignancy in 42 patients (14%). This review 
included 53 patients with urethrovaginal fistulas, of whom 
10 also had a vesicovaginal fistula. Antecedent events 
included vaginal surgery for incontinence or cystocele, ure- 
thral diverticulum repair, treatments for gynecologic cancer, 
and the use of forceps. 

The reported incidence of vesicovaginal fistula after hys- 
terectomy is approximately 1 in 1300 surgeries. In a study 
in Finland, Harki-Siren et al. (1998) reviewed the incidence 
of urinary tract injury on a national scale. During the study 
period, 62,379 hysterectomies were performed and 142 
urinary tract injuries wer reported. The incidence of blad- 
der injury was 1.3 per 1000 hysterectomies. The incidence 
of vesicovaginal fistula was 1 in 1200 procedures: 1 in 455 
after laparoscopic hysterectomy, 1 in 958 after total abdom- 
inal hysterectomy, and 1 in 5636 after vaginal hysterectomy. 
The risk of ureteral injury was greater with laparoscopic 
procedures than with open or vaginal procedures. 

Bladder and urethral injury are also known complications 
of anti-incontinence procedures and repair of pelvic organ 
prolapse. A recent increase has occurred in these types of 
fistulas, mirroring the increased popularity of numerous 
synthetic materials used during such procedures. Kobashi 
et al. (1999) reviewed cases in which sling removal is 
required after placement of a woven polyester sling treated 
with pressure-injected bovine collagen (ProteGen, Boston 
Scientific, Neddick, MA). Thirty-four women in a 2-year 
period required sling removal, and six had developed ure- 
throvaginal fistulas. There are also case reports of urethro- 
vaginal fistula development after urethral diverticulectomy 
and periurethral injection of a bulking agent. 

Radiation therapy, used for carcinoma of the cervix or 
other pelvic malignancies, may rarely result in fistula for- 
mation. Healthy tissues of the anterior vaginal wall tolerate 
radiation doses as high as 8000 rad. Fistulas may first appear 
during the course of radiotherapy, usually from necrosis of 
the tumor itself, or after treatment is completed. Late fistu- 
las arise secondary to endarteritis obliterans, usually within 
the first 2 years, but they can occur anytime from 6 months 
to 5 years after treatment completion. In planning a repair 
of a fistula after radiotherapy, ruling out recurrent malig- 
nancy with biopsy of the fistula margins is essential. Because 
of decreased vascularity of the adjacent tissue, there is 
usually extensive fibrosis, making primary surgical closure 
extremely difficult with a high failure rate. For this reason, 
many of these patients will have their fistula addressed 


temporarily with percutaneous nephrostomy tubes, fol- 
lowed by a urinary diversion procedure. 

Most genitourinary fistulas that result from gyneco- 
logic surgery occur secondary to urinary tract injuries. This 
underscores the need to strongly consider routine cystos- 
copy to assess for bladder and ureteral integrity after hyster- 
ectomy, prolapse, or incontinence surgeries, as well as any 
other pelvic surgery in which the lower urinary tract may 
be at risk. Bladder injuries resulting from total abdominal 
hysterectomy occur primarily during blunt dissection of 
the bladder off the lower uterine segment. Devasculariza- 
tion or an unrecognized tear in the posterior bladder wall 
subsequently results in tissue ischemia, necrosis, and fistula 
formation. 

Vesicouterine and vesicocervical fistulas are rare and are 
usually complications of obstetrical surgery, occurring most 
frequently after a cesarean section. 

Vesicovaginal and urethrovaginal fistulas are best clas- 
sified as being either simple or complicated. Complicated 
urethrovaginal fistulas are those that involve the proximal 
urethra and bladder neck and/or are radiation induced. 
Complicated vesicovaginal fistulas include previous radia- 
tion, pelvic malignancy, compromised vaginal length, larger 
than 3 cm, and involving the trigone. 


Presentation and Investigation 


Patients with genitourinary fistulas present in many ways. 
Gross hematuria or abnormal intraperitoneal fluid accumu- 
lation (urinoma) noted during or after surgery should raise 
suspicion of an unrecognized urinary tract injury and dictates 
immediate investigation. In the postoperative period, symp- 
toms may develop after an interval of days, weeks (surgical 
and obstetric fistulas), months, or even years (radiotherapy- 
related fistulas). Postsurgical fistulas usually present 7 to 
30 days after surgery. Most patients have continuous uri- 
nary leakage or persistent watery vaginal discharge, which is 
leakage of urine from the vagina. If the fistula is very small, 
leakage may be intermittent, occurring only at maximal 
bladder capacity or with particular body positions. Other 
signs and symptoms include unexplained fever, hematuria, 
recurrent cystitis or pyelonephritis, vaginal pain, suprapubic 
pain, flank pain, and abnormal urinary stream. 

The initial evaluation of all patients with symptoms of 
genitourinary fistulas starts with a complete physical exami- 
nation. A thorough speculum examination of the vagina may 
reveal the source of fluid, which can then be collected; mea- 
surement of its urea concentration may identify it as urine. 
Urine should be examined microscopically and cultured, 
and appropriate treatment should be instituted for infec- 
tion. If leakage is not demonstrated, the bladder is filled to 
maximum capacity and provocative maneuvers, such as Val- 
salva or manual pressure over the bladder, are used to repro- 
duce and confirm the patient’s symptoms. Urethrovaginal 
fistulas are usually easily diagnosed on physical examination. 
Further office evaluation, cystourethroscopy, and imaging 
studies such as intravenous urography permit the physician 
to localize the fistula and exclude or identify other types of 
urinary tract injury. 

In all cases of suspected urinary tract fistula, it is impor- 
tant to evaluate for both bladder and ureteral involvement, 
as ureteral compromise has been reported in up to 12% of 


CHAPTER 41 Lower Urinary Tract Fistulas 605 


vesicovaginal fistula. This can usually be accomplished using 
basic office tests. Although the sensitivity and specificity 
of the tampon test are unknown, instillation of methylene 
blue or indigo carmine into the bladder typically stains 
vaginal swabs or tampons in the presence of a vesicovaginal 
fistula. If this test is not diagnostic, a transurethral Foley 
catheter should be placed to prevent any staining of the 
distal tampon from leakage of fluid through the external 
urethral meatus. Unstained but wet swabs may indicate a 
ureterovaginal fistula. Once a vesicovaginal fistula has been 
excluded, intravenous indigo carmine can be given and the 
tampon observed for blue staining to evaluate for a uretero- 
vaginal fistula. Intravenous methylene blue must be used 
with caution because of the risk of methemoglobinemia, a 
rare but serious complication. Alternatively, if there is no 
intravenous access, oral phenazopyridine can be adminis- 
tered, which will cause orange-colored urine, and the tam- 
pon is observed for orange staining. 

There is no clear consensus on the optimal imaging modal- 
ity that should be performed to diagnose and determine the 
extent of a urinary tract fistula. In developed countries, 
radiologic studies are recommended in most cases and usu- 
ally include intravenous urography, cystoscopic retrograde 
urography, or voiding cystourethrography. Renal ultrasound 
may miss up to 20% of ureteral injuries. A Tratner catheter 
may be useful in cases of suspected urethrovaginal fistula. 
Hysterosalpingography may be useful in cases of vesico- 
uterine fistula. Helical computed tomography scanning and 
magnetic resonance imaging may be useful in cases where 
the fistulas are not clearly identified with other imaging 
studies. 

Cystourethroscopy is not always necessary but is helpful 
to further characterize the fistula size, number, and location 
within the bladder; associated lesions; and condition of sur- 
rounding tissue. Key observations include the fistula’s prox- 
imity to the bladder neck, urethral sphincter, and ureteral 
orifices, as well as the presence of tissue edema, slough, 
infection, induration, stones, foreign material (sutures, 
mesh), and scarring. Water or normal saline cystoscopy 
may be impossible with large fistulas; in such cases, a Foley 
catheter may be placed within the fistula tract to decrease 
leakage. Bladder biopsy should be performed as needed if 
there is a suspicion of malignancy or lesions suspicious for 
infectious agents such as tuberculosis, contributing to the 
development of fistula. Bladder calculi and nonabsorbable 
sutures should be removed. 


Conservative Management 


Various conservative or minimally invasive therapies are 
available for vesicovaginal and ureterovaginal fistulas, 
although the true viability and success of these treatment 
modalities are unknown. The most conservative treatment 
of a vesicovaginal fistula is simply prolonged bladder drain- 
age with a Foley catheter. In a retrospective analysis of 1716 
women with obstetric vesicovaginal fistula, continuous cath- 
eter drainage resulted in spontaneous fistula closure in 15% 
of patients. Spontaneous closure occurred in 50% to 60% of 
patients with fistulas that were <2 cm and who presented 
for care no later than 4 to 6 weeks after delivery (Waaldijk, 
1994, 2004). Because it may be logistically difficult to 
repair a vesicovaginal fistula immediately and/or there may 
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be tissue factors such as necrosis preventing immediate 
repair, it is reasonable to proceed with a trial of continuous 
bladder drainage for 4 weeks in fistulas that are <1 cm in 
diameter and unrelated to malignancy or radiation, as these 
fistulas may spontaneously resolve in 12% to 80% of cases. 

Other less invasive options include curetting, electrof- 
ulguration, and laser ablation to deepithelialize the fistula 
tract and allow it to spontaneously heal while the bladder is 
continuously drained. Once the fistula tract has been deepi- 
thelialized, agents such as fibrin glue and collagen have been 
successfully injected into the fistula tract to promote closure. 
Most of these studies report successful treatment in fistulas 
that are small (<5 mm), resulting from gynecologic surgery. 
There have also been reports of using these methods to 
successfully close radiation-induced fistula. More recently, 
agents such as cyanoacrylic glue administered percutane- 
ously, endoscopically, or vaginally have been used in a series 
of 13 urinary tract fistulas of differing etiology with 85% 
success rates after a mean follow-up period of 35 months 
(Muto et al., 2005). The failures were in fistulas that were 
larger (>1 cm). Nonsurgical attempts at fistula closure 
should always be attempted in a patient who has a small 
fistula, who is a poor surgical candidate, or who desires to 
first try less invasive options. 

The recommended initial management of a ureterovagi- 
nal fistula is ureteral stenting. Stenting is more successful 
when performed sooner rather than later; in one study, 82% 
of attempts in patients whose fistulas were <1 month old 
were successful, compared with 33% of attempts with older 
fistulas. 

Stents are usually made of Silastic, with the length mea- 
sured in centimeters and the diameter measured in French 
units, with single-J or double-J ends. Double-J stents are 
preferred because of reduced risk of migration out of the 
renal pelvis, and the distal J tip in the bladder is atraumatic. 
Ureteral stenting is best accomplished in a suite that can 
accommodate anesthesia, fluoroscopy, and cystoscopy. Epi- 
dural anesthesia is ideal. A guidewire can be passed from 
the kidney to the bladder (antegrade) through a percutane- 
ous nephrostomy, allowing antegrade stent placement to be 
attempted. If this fails, cystoscopic passage of a guidewire 
and stenting (retrograde) should be attempted. Occasion- 
ally, a guidewire can be passed but a stent cannot. This may 
be caused by a stricture, which can be dilated with increas- 
ing size stents or with balloon dilation. Ureteroscopy may 
also aid in stent placement. 

If a stent is placed successfully, it should be left in for 
6 to 8 weeks. The risk of infection, stone formation, and 
ureteral occlusion increases with time. After 4 to 6 weeks, 
an intravenous or retrograde pyelogram can be performed 
to evaluate for persistence of the fistula. If the fistula has 
healed, the stent may be removed via cystoscopy, and a 
computed tomography urogram performed after =4 weeks 
to rule out subsequent stricture formation. If the fistula has 
not healed at 6 weeks, a repeat examination may be per- 
formed at 8 weeks, with preparation to proceed with surgi- 
cal repair if the fistula persists. 

If stenting is not possible, interval management with 
percutaneous nephrostomy should be used until inflamma- 
tion has subsided and the patient can safely undergo sur- 
gery. Surgery for ureterovaginal fistula depends on the site 
of involvement of the ureter and how best a repair can be 


accomplished with minimal tension. Typically, to address 
fistulas involving the distal third of the ureter, the ureter can 
be reimplanted into the bladder (ureteroneocystostomy). If 
there is tension at the reimplantation site, a psoas hitch or 
Boari-Ockerblad flap can be performed. Fistulas that involve 
more proximal parts of the ureter usually require resection 
and reanastomoses to the unilateral or contralateral ureter. 
See Chapter 29 for further discussion of ureteral injuries 
and their management. 


Timing of Surgical Repair 


Ideally, early repair of vesicovaginal fistula requires diag- 
nosis of the fistula within 72 hours of the injury. Dur- 
ing this period, the tissues are often supple and normal in 
appearance and can be dissected and closed without ten- 
sion. Early repair can be performed either transvaginally 
or transabdominally. In addition to the technical advan- 
tages, early detection and repair of the fistula spare the 
patient the potentially devastating physical, psychological, 
and social impacts on their quality of life (Blaivas et al., 
1995). Unfortunately, early repair is not always an option 
because many fistulas are not detected until days or weeks 
after the initial injury. Fistulas identified during this time 
may be complicated by infection and induration, making 
closure difficult. Once these changes have occurred, tra- 
ditionally, a 3- to 6-month waiting period has been recom- 
mended to allow for maturation of the fistula. During this 
waiting period, vaginal examination should be performed 
every 3 to 4 weeks to monitor the inflammation and infec- 
tion. However, many authors have shown that many of 
these fistulas can be closed in a timely fashion, foregoing 
the 3- to 6-month waiting period. (Blaivas 1995) recom- 
mended that the timing of repair be individualized and 
based on endoscopic evidence of healing. When the fistula 
site and adjacent tissue are pliable, noninflamed, epithe- 
lialized, and free of granulation tissue and necrosis, little 
is gained by waiting longer. Corticosteroids and nonste- 
roidal anti-inflammatory drugs have been used by some 
to facilitate early surgery, but their efficacy has not been 
proved. As mentioned earlier, it is reasonable to place a 
Foley catheter for continuous bladder drainage during 
this time as the fistula may spontaneously close. Stud- 
ies have shown successful repair rates of 91% to 100% in 
posthysterectomy vesicovaginal fistulas that were closed 
within 35 days of surgery (Cruikshank, 1988; Shelbaia 
and Hashish, 2007). In a large series of obstetric vesico- 
vaginal fistulas where 88% of the fistulas were repaired 
within 60 days, >90% of fistulas were successfully closed 
(Waaldijk, 1994, 2004). 


Presurgical Management 


Once the decision has been made to proceed with sur- 
gical correction of the fistula, patients awaiting surgical 
repair should be given perineal and urinary care instruc- 
tions. Leakage from small fistulas may be controlled by 
frequent voiding and the use of tampons, perineal pads, 
or silica-impregnated incontinence pants. A vaginal dia- 
phragm with a watertight attachment to a urinary catheter 
can collect urine from larger fistulas in a leg bag. Perineal 
care is important and makes the patient more comfortable 


and tolerant of delayed closure. Frequent pad changes are 
required to minimize inflammatory edema and vulvar irri- 
tation. The dermatitis that can result from the constant 
urinary leakage can be treated with sitz baths and zinc 
oxide barrier ointments. Inventive collection and drain- 
age systems have been described for this purpose as well. 
Before surgical repair, vaginal or oral estrogen can be given 
to women who are surgically or naturally postmenopausal 
to improve urogenital tissue integrity. In malnourished 
patients, a high-protein diet, vitamin and trace elements 
supplements, and correction of anemia are essential before 
surgical repair. Many experts recommend that surgery 
not be performed during menstruation because of the 
increased tissue vascularity. 

We recommend one dose of antibiotic prophylaxis 
administered at the time of surgical repair. In a placebo- 
controlled randomized trial of 79 obstetric fistula patients 
who underwent repair via the abdominal, vaginal, or com- 
bined routes, antibiotic prophylaxis (ampicillin 500 mg) 
administered intraoperatively did not improve repair suc- 
cess or decrease incontinence; however, fewer patients 
who received antibiotics developed a urinary tract infec- 
tion on postoperative day 10 (40% versus 90%, odds ratio 
0.07 [95%, confidence interval 0.01-0.55]) (Tomlinson and 
Thornton, 1998). More recently, another randomized trial 
compared one dose of intraoperative antibiotics (gentamicin 
80 mg) with extended use of antibiotics started 2 to 3 hours 
after completion of surgery and continued for 7 days in 
722 obstetric fistula patients. No differences were found in 
repair success (95% for the gentamicin group versus 89% for 
the extended antibiotic group), length of hospital stay, rates 
of incontinence, fever, or postoperative infection (Muleta 


et al., 2010). 


Surgical Repair 


Lower urinary tract fistulas can be repaired vaginally, 
abdominally, laparoscopically, or robotically. Most of the lit- 
erature on surgical outcomes is based on large case series of 
obstetric fistulas with success rates ranging from 40% to 
100%. Many of these retrospective case series are plagued 
with either short-term follow-up periods of a few weeks or 
large loss of follow-up rates. Most studies report high fis- 
tula closure rates with highest success after the first attempt 
(83%) and decreased success with subsequent attempts 
(65%). There is limited Level I evidence recommending 
one surgical technique over another with very little infor- 
mation on topics such as the optimal technique, route of 
surgery, or suture type or size. Therefore, much of what is 
presented regarding techniques for surgical repair is based 
on the experiences of the authors, expert opinions, and pub- 
lished study findings. Common principles of repair include 
adequate mobilization of the fistula, tension-free closure, 
locating and protecting the ureters, ensuring water-tight 
closure after the repair, and prolonged postoperative con- 
tinuous bladder drainage. Risk factors for failure include 
complete loss of posterior wall of the urethra, severe vaginal 
scarring, small bladder size (large fistula), circumferential 
fistula, and irradiated tissue. Other factors that may con- 
tribute to repair failure include the surgeon’s experience, 
availability of health facility, patient’s general health, and 
number of attempted repairs. 
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FIGURE 41.1 The vesicovaginal fistula is dilated to allow insertion of 
a pediatric Foley catheter through the fistula and into the bladder. 
Use of a catheter helps evert the fistula edge, thus improving descent 
and stability for dissection. 


Vaginal Repair of Vesicovaginal Fistula 


The majority of vesicovaginal fistulas can be closed trans- 
vaginally, although examination under anesthesia may be 
necessary to identify tissue edges and to plan surgical 
approaches in certain situations such as large fistulas or 
patients with a very long vagina. In the series of 303 cases 
reported by Lee et al. (1988), 80% were repaired trans- 
vaginally, regardless of fistula size or number or history 
of previous repairs. Advantages of vaginal repair include 
decreased operative time, blood loss, and postoperative 
pain, as well as shorter hospital stays. Additionally, because 
many of these procedures are performed in developing 
countries under regional anesthesia, patients are able to 
better tolerate vaginal surgery. 

To evert the fistula edges and improve descent and sta- 
bility for dissection, a Foley catheter (6 French-30 French) 
is typically placed through the fistula tract into the blad- 
der, and gentle traction is applied during dissection. Stay 
sutures can also be placed through the vaginal epithelium 
on the margins of the fistula to allow traction on the tissue 
and make the fistula more accessible. Very small fistulas may 
require gentle dilation, using lacrimal duct probes and small 
dilators to allow insertion of the Foley catheter through the 
fistula tract (Fig. 41.1). Alternatively, small-caliber vascular 
catheters such as the Fogarty Arterial Embolectomy Catheter 
(Edwards Lifesciences, Irvine, CA), which range from 2 
to 7 French with an inflatable catheter balloon at the tip, 
can be placed within the fistula tract to improve descent 
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FIGURE 41.2 The Latzko technique of partial colpocleisis. A, Stay sutures are placed in the vaginal wall to assist in exposing the fistula. An 
initial circumferential incision is made around the fistulous tract. B, Sharp dissection mobilizes the vaginal mucosa for a distance of 2.5 cm in all 
directions. C, The vaginal edges are then approximated with delayed absorbable sutures. Note that no attempt is made to excise the fistulous 
tract or freshen the edges of the fistula. If possible, a second layer of pubocervical fascia is approximated over the initial layer (inset). D, The 
vaginal mucosa is approximated, thus completing the repair. 


and stability for dissection. Infiltration of tissues with nor- 
mal saline or dilute solution of epinephrine (1:200,000) or 
vasopressin may aid in dissection in the appropriate plane 
and maintaining local hemostasis. Some concern has been 
expressed about increased infection rates after epinephrine 
use in vaginal surgery, so many surgeons use saline only. 

If the fistula encroaches on one or both ureteral orifices, 
stents can be placed in the ureters at the outset of surgery. 
Simple vesicovaginal fistulas near the vaginal apex can usu- 
ally be repaired with use of the Latzko technique (Fig. 41.2), 
whereas more complex fistulas may require more extensive 
dissection with possible excision of the tract and a layered 
closure of the defect (Fig. 41.3). 

The Latzko technique of partial colpocleisis is commonly 
used for repair of posthysterectomy vesicovaginal fistulas, 
with reported cure rates between 93% and 100%. Because 
it is a relatively simple procedure, it has the advantage of 
a short operating time, minimal blood loss, and low post- 
operative morbidity. Inadequate vaginal length is not typi- 
cally a problem, unless the vagina is already foreshortened. 
The vaginal epithelium is mobilized around the fistula mar- 
gin for at least 2.5 cm in all directions, with closure of the 
vesicovaginal fibromuscular connective tissue and then the 
vaginal epithelium in separate layers using No. 2-0 or 3-0 
interrupted absorbable sutures (see Fig. 41.2). Because 
the fistula tract is not typically excised, the vaginal tissue 
in contact with the bladder reepithelializes as transitional 
epithelium. 

For complicated or larger fistulas, such as fistulas typi- 
cally seen after obstructed labor, a classic technique may 
be best. This involves circumscribing the vaginal epithelium 
around the fistula. The vaginal epithelium surrounding the 
fistula is then dissected off the underlying vesicovaginal 
fibromuscular connective tissue to permit a tension-free 
closure of the fistula in layers. (Fig. 41.3) Depending on 
the size of the fistula, this may require a fair amount of 
mobilization of the vagina. To facilitate this process, trac- 
tion is applied to the scar tissue surrounding the fistula, 
and countertraction is placed on the edges of the vaginal 
epithelium to facilitate accurate undermining of the vaginal 
epithelium. Traditionally, the fistula tract is usually excised 
or the fistula edges freshened to improve healing after fistula 
closure. This may be especially critical in obstetric fistulas, 
where there is often a wide area of ischemia and fibrosis 
surrounding the fistula. Disadvantages of trimming the fis- 
tula edges include enlarging the existing fistula and thereby 
potentially compromising the residual bladder size, as well 
as increasing bleeding and possibly requiring cauterization, 
which may affect vascularity and healing. In a randomized 
controlled trial of 64 women with obstetric vesicovaginal 
fistulas who underwent vaginal fistula repair with Martius 
graft, the authors found similar success rates regardless 
of whether the fistula edges were trimmed (success rates 
of 75% nontrimmed versus 68% trimmed) (Shaker et al., 
2011). The authors did not report on the extent of local 
fibrosis/scarring in these patients, and all of these patients 
had fistula repairs augmented with Martius graft; therefore, 
these findings may not be generalizable. As with much of 
the discussion regarding management strategies, deciding 
whether to trim the fistula edges is often individualized 
and will often depend on the experience of the surgeon. 
Once the fistula is adequately mobilized from the vaginal 
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epithelium, a layered closure is performed (Fig. 41.3B). 
The first layer may involve interrupted or continuous No. 
4-0 delayed absorbable sutures placed in an extramucosal 
fashion. If possible, bladder closure in the trigonal area 
should be in a transverse direction because vertical closure 
may draw the ureteral orifices toward the midline and cause 
obstruction. A second suture line of similar sutures is placed 
imbricating the muscular portion of the wall of the blad- 
der over the first layer of sutures (Fig. 41.3B, inset). The 
integrity of the repair can be tested after the first or sec- 
ond layer of closure with instillation of dilute methylene 
blue, indigo carmine, or sterile milk into the bladder. Care 
should be taken to avoid overdistention. This ensures that 
the entire fistula or all the fistulas have been identified and 
approximated appropriately. If possible, a third layer con- 
sisting of the vesicovaginal fibromuscular connective tissue 
can be reapproximated over the fistula closure. This may 
be placed with interrupted or continuous No. 3-0 delayed 
absorbable sutures. Finally, the vaginal epithelium is closed 
with delayed absorbable No. 2-0 sutures (Fig. 41.3C). 
Some experts recommend closing the vaginal epithelium 
in a perpendicular direction to the fistula closure to avoid 
overlapping suture lines. Alternatively, an inverted “U” 
vaginal epithelial flap can be created and separated from 
the underlying vesicovaginal fibromuscular connective tis- 
sue. This flap can then be sutured over the fistula closure 
to completely cover it. A vaginal packing is usually inserted 
postoperatively for 24 hours, and the bladder is drained 
continuously for 1 to 2 weeks. The authors prefer to drain 
these patients with a transurethral Foley catheter, because 
this is the most efficient method of drainage; however, a 
suprapubic catheter can also be used as long as continuous 
bladder drainage is ensured. 

With either vaginal repair technique, most experts advo- 
cate repairing the bladder in two layers. The disadvantages 
of two-layer closure include longer operative time and 
decreased bladder size in cases of large fistula. Although 
there are no randomized controlled trials addressing this 
issue, in a retrospective review of 832 patients with obstetric 
fistula undergoing vaginal repair, the authors found similar 
repair success rates with one-layer closure (91%) compared 
with two-layer closure (93%) in patients with similar-sized 
fistulas (Nardos et al., 2009). 

If the fistula is recurrent or large, resulting from radio- 
therapy, or involves the bladder neck and urethra, a flap of 
rectus or gracilis muscle or an omental J-flap may be tun- 
neled subcutaneously and anchored between the bladder 
and vaginal wall. Alternatively, a graft using the Martius 
technique can be used (Fig. 41.4). The function of this graft 
is to introduce a new blood supply, separate the bladder and 
vaginal suture lines, provide support, and obliterate dead 
space. 

This graft involves the transposition of a labial fat pad, 
with or without the bulbocavernosus muscle, and has been 
used to facilitate closures of fistulas involving both the ante- 
rior and posterior vaginal walls. This operation does not dra- 
matically alter the anatomy of the vulva and is cosmetically 
pleasing. The literature remains unclear whether perform- 
ing a Martius graft truly improves vesicovaginal fistula clo- 
sure rates, with one study demonstrating increased success 
rates from 70% to 90%, while other studies demonstrated 
no differences in repair outcomes even in recurrent fistula 
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FIGURE 41.3 The classic method of vaginal repair of vesicovaginal fistula. A, Stay sutures are placed to help expose the fistula. After an initial 
circumferential incision is made around the fistula, the fistulous tract is either excised completely (smaller fistulas) or the scarred edges are 
cut back until fresh vascular tissue is identified (larger fistulas). B, The vaginal mucosa is widely mobilized in all directions, and the fistula is 
closed in layers. The initial layer involves placement of No. 4-0 delayed absorbable sutures in the extramucosal portion of the bladder edge. 
The second layer is placed through the muscular portion of the bladder wall, imbricating the first layer. C, The repair is completed by closure 
of the vaginal epithelium. 
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FIGURE 41.4 Technique of modified Martius graft for vesicovaginal fistula repair. A, Blood supply of Labia Majora. B, Exposed fat pad with 
clamp passing underneath anterior portion of fat pad prior to detachment and mobilization. C, Fat pad has been tunneled into anterior vaginal 
wall and fixed over the closed fistula (inset). D, Labial and vaginal incisions have been closed. 
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FIGURE 41.5 Repair of urethrovaginal fistula. A, Urethrovaginal fistula. B, Anterior vaginal wall incision is made and extended on both sides 
of the urethral defect. C, Vaginal wall is sharply separated from underlying pubocervical fascia. D, Fine delayed absorbable interrupted sutures 
are placed in an extramucosal fashion. E, The initial suture line is then inverted with a second suture incorporating the pubocervical fascia. 
F, Vaginal incision is closed with interrupted No. 2-0 delayed absorbable sutures. 


cases (Browning, 2006; Eilber et al., 2003; Rangnekar et al., 
2000). Martius grafts have also been compared with the use 
of fibrin glue (fibrinogen and thrombin) in a randomized 
controlled trial of 38 patients with obstetric vesicovaginal 
fistulas, with similar repair success rates (58% for Martius 
versus 68% for fibrin glue) regardless of the number or 
location of the fistula (Safan et al., 2009). Besides fibrin 
glue, other interposing materials that have been reported in 
the literature include a variety of xenografts and oxidized 
cellulose. 

Figure 41.44 demonstrates the abundant blood supply 
to the labial fat. Theoretically, the majority of the blood 
supply comes from the inferior direction (internal puden- 
dal artery); thus, traditionally, detachment of the flap has 
been anterior. However, our dissections and experiences 
with this procedure indicate that a sufficient blood supply 
is present from both directions, so detachment should be 
at the discretion of the surgeon and more related to the 
anatomic location of the defect in the vagina. The proce- 
dure begins by marking an incision over the labial skin. The 
labial fat pad is mobilized on each side, and hemostasis is 
maintained by securing the blood supply from the end that 
is being detached (Fig. 41.4B). After the vaginal dissection 
has been completed, a long, curved clamp is passed medi- 
ally, under the vaginal epithelium into the vaginal incision, 
thus creating a tunnel through which the fat pad will pass to 
reach the vaginal area. The fat pad is then detached either 
anteriorly or posteriorly and passed into the vaginal area 
and affixed with delayed absorbable sutures (Fig. 41.4C). 
The vaginal and labial incisions are closed without tension 


(Fig. 41.4D). 


Repair of Urethrovaginal Fistula 
and Urethral Reconstruction 


Most urethrovaginal fistulas result in urinary inconti- 
nence and require surgical repair. Rarely, a distal urethro- 
vaginal fistula may be asymptomatic and does not require 
repair. A nonirradiated, primary fistula can usually be 
repaired successfully with a layered, tension-free closure 
of the fistula, similar to the techniques presented earlier. 
If the surrounding tissue appears to be devascularized, 
the tissue has been irradiated, or the fistula is recurrent, 
interposing a labial fat pad between the urethra and the 
anterior vagina may be beneficial. If the fistula is in the 
proximal urethra or in the bladder neck and the conti- 
nence mechanism is thought to have been compromised, 
an anti-incontinence procedure, most commonly an auto- 
loguous suburethral sling, may be performed at the same 
time as the fistula repair, or the two procedures may be 
staged and the sling placed at a different time as a sepa- 
rate procedure. Because the blood supply to the urethra 
may be limited or the defect may be large, a labial fat 
pad should be considered and may be placed between the 
repaired urethra and sling. 

The repair begins with the placement of a transurethral 
Foley catheter. (Fig. 41.54) The anterior vaginal wall is then 
injected with normal saline or a diluted hemostatic solution 
to facilitate dissection in the appropriate plane and decrease 
bleeding. A midline anterior vaginal wall incision is made 
and extended on both sides of the urethral defect (Fig. 
41.5B). The edges of the vaginal epithelium are grasped 
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with Allis clamps, and sharp dissection is used to separate 
the vaginal epithelium from the underlying vesicovaginal 
fibromuscular connective tissue. This dissection should be 
extended laterally to the descending posterior pubic ramus 
to allow the urethra to be completely mobilized, thus allow- 
ing a tension-free closure (Fig. 41.5C). Depending on the 
extent of the fistula, the retropubic space may be entered 
vaginally to facilitate urethral mobility. The edges of the 
urethra are then approximated with fine, delayed, absorb- 
able sutures in an interrupted fashion around the Foley 
catheter with care taken not to include the catheter in the 
closure (Fig. 41.5D). The initial suture line is then inverted 
with a second suture line incorporating the periurethral tis- 
sue (Fig. 41.5E). The vaginal incision is closed with inter- 
rupted or continuous No. 2-0 delayed, absorbable sutures 
(Fig. 41.5F). A Foley or suprapubic catheter is left in place 
for 7 to 10 days. 

Repair of a damaged urethra is one of the most chal- 
lenging problems in vaginal surgery. The ultimate goals of 
surgical correction include constructing a conduit to allow 
for normal flow of urine and creating a continent sphincter 
mechanism. In patients who have loss of a major portion of 
the posterior urethra or the entire urethra, urethral recon- 
struction may be difficult, and normal urinary function, 
even in what appears to be a well-constructed urethral tube, 
is unpredictable. Reconstruction of the urethra from the 
distal anterior bladder may be necessary to increase urethral 
length and potentially improve continence. 

Basic principles of the repair are similar to those of 
urethrovaginal fistula repair. An incision is made in the 
anterior vaginal epithelium adjacent to the margins of the 
defect (Fig. 41.6A). The surgeon widely mobilizes the 
vaginal epithelium laterally to beyond the pubic ramus. 
The retropubic space is entered bilaterally on each side to 
facilitate mobilization of the urethra, urethrovesical junc- 
tion, and distal bladder. Once the vaginal epithelium has 
been dissected laterally and the urethra/distal bladder has 
been mobilized as much as possible, the urethra is recon- 
structed. Usually, the closure of the urethral tube is done 
over a Foley catheter. This permits accurate approximation 
of the free edges of the floor of the urethra and the recon- 
struction of the tube. Ideally, the initial suture line should 
be followed by a second layer approximating the periure- 
thral tissues to aid and support the initial suture line (Fig. 
41.6B). If possible, a third layer of tissue is then mobilized; 
this is usually the vesicovaginal fibromuscular connective 
tissue. A vascular flap such as the Martius fat pad is usually 
indicated (Fig. 41.6B inset). In the hope of restoring con- 
tinence an autologolus pubovaginal sling is also commonly 
performed (Fig. 41.6C). 

Patients with a linear loss of the urethral floor also usu- 
ally have loss of a significant portion of the anterior vagina 
and, thus, at the completion of the reconstruction, reap- 
proximating the anterior vaginal epithelium without creat- 
ing unwanted tension is often not possible. In these cases, 
the size of the defect is accurately evaluated, and an appro- 
priate tongue of tissue from the labium is created and swung 
into the vagina to replace the anterior vaginal epithelium. 
This fibrofatty flap is usually hinged anteriorly. Specifically, 
a U-flap is made, and the base of the “U” is developed, 
mobilized, and sutured to the edges of the vagina, thus cov- 
ering the defect in the anterior vaginal wall. The site of the 
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FIGURE 41.6 Urethral reconstruction. A, The dotted line depicts the location of the initial incision. Once the vagina is completely mobilized off 
the urethra, the defect in the urethra is closed over the catheter with interrupted No. 4-0 delayed absorbable sutures. B, A second layer of inter- 
rupted sutures is placed to reinforce the initial layer. This is followed by the placement of a Martius fat pad to act as a vascular pedicle for the 
damaged tissue (inset). C, A pubovaginal sling is commonly placed at the level of the proximal urethra in the hope of preserving continence. 
D, A labial skin flap is commonly required to fill the large defect in the anterior vaginal wall. 


graft on the labium is then closed subcutaneously, and the 
skin edges are approximated with No. 4-0 delayed absorb- 
able sutures (Fig. 41.6D). 

A circumferential vesicovaginal fistula involves complete 
detachment of the bladder from the urethra and is one of 
the most challenging types of obstetric fistulas to repair. 
The repair technique is similar to what has already been 
presented here. Not only must the distal bladder, which 
is completely detached from the proximal urethra, be 


mobilized from the vaginal epithelium posteriorly, but also 
the endopelvic fascia must be perforated and the space of 
Retzius entered vaginally so that the bladder can be mobi- 
lized anteriorally and laterally, allowing for circumferential 
tension-free reattachment to the proximal urethra. Because 
the defect in the distal bladder is much larger than the 
opening of the proximal urethra, the anterior portion of 
the distal bladder is wrapped around the proximal urethra 
to reestablish the connection between the urethra and the 
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FIGURE 41.7 Abdominal repair of vesicovaginal fistula. A, Fistulous tract and scarred vagina and bladder are excised. B, Dissection has been 
completed and the fistulous tract has been excised. The vagina has been closed, and closure of the back of the bladder has been initiated. Note 
that the dissection is extended well below the level of the fistula. C, Closure of the bladder and vagina with interposition of omental flap (inset). 


bladder. The remaining bladder defect is reapproximated 
vertically. 


Abdominal Repair of Vesicovaginal 
or Ureterovaginal Fistulas 


Relative indications for abdominal repair of vesicovaginal 
fistulas include high fistulas that are not accessible vaginally, 
a vagina that is inaccessible due to severe scarring and ste- 
nosis, multiple fistulas that cannot all be accessed vaginally, 


involvement of the uterus or bowel, the need for ureteral 
reimplantation, the need for other concurrent transabdomi- 
nal procedures, and surgeon preference. A midline or trans- 
verse skin incision can be used. A midline incision will allow 
easier access to the abdomen for retrieval and mobilization 
of omentum. If a transverse incision is used, often a muscle- 
splitting incision, such as a Maylard or Cherney incision, will 
facilitate exposure. Once the peritoneum has been opened, 
the bowel is packed posteriorly, and a self-retaining retrac- 
tor is usually placed and the bladder exposed. The classic 
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O’Conor technique involves complete bisection of the blad- 
der intraperitoneally or extraperitoneally, carrying the incision 
down to the fistula tract. (Fig. 41.7) If the fistula tract is in 
close proximity to the ureteral orifice, a ureteral stent should 
be placed. Of note, the ureteral stent can also be placed 
before the incision is made, via a cystoscopic approach. Any 
necrotic or fibrotic tissue surrounding the fistulous tract can 
be excised, and the vagina is sharply mobilized off the pos- 
terior bladder. Modification of this technique may include 
making an intentional cystotomy large enough to access the 
fistula tract through the cystotomy but not include the fis- 
tula tract within the cystotomy. From within the bladder, 
the fistula tract is excised and dissected off the underlying 
vaginal tissue. The vagina and bladder are closed separately. 
Most experts would recommend placement of an interpos- 
ing flap of tissue, such as omentum, between the vagina and 
bladder. The bladder cystotomy is closed last. Alternatively, 
without making an intentional cystotomy or bisecting the 
bladder, the posterior bladder may be dissected off the ante- 
rior vagina intraperitoneally until the fistula tract is encoun- 
tered. A Foley catheter can be placed within the fistula tract 
vaginally to facilitate locating the fistula tract during dissec- 
tion. The bladder with the fistula tract is then completely 
mobilized from the vagina. A pack or EEA sizer placed in the 
vagina will distend the vagina and facilitate dissection and 
accurate separation of these two surfaces. The dissection 
should be extended well beyond any scarification produced 
by the fistula. The vagina is then closed with interrupted or 
running No. 2-0 absorbable sutures, in one or two layers. 
Some experts have recommended that the vagina be closed 
transversely and the bladder closed longitudinally so that the 
suture lines do not overlap. The bladder is closed with No. 
3-0 absorbable sutures in a running or interrupted fashion. 
The bladder is preferably closed in two layers. Most experts 
would recommend mobilizing a piece of omentum and inter- 
posing it between the repaired bladder and vagina. The omen- 
tum is sutured to the anterior wall of the vagina or posterior 
wall of the bladder to provide additional blood supply and act 
as a tissue barrier between the two suture lines (Fig. 41.7). 
Other often-used interposition grafts include peritoneal flap 
and sigmoid epiploica. In a small retrospective series of 24 
patients undergoing abdominal repair, use of an omental flap 
was shown to be associated with higher rates of successful 
repair than peritoneal flap or no tissue interposition (94% 
versus 38%). Catheter drainage may be accomplished with a 
transurethral or suprapubic approach, or both, depending on 
the extent and circumstances of the repair. 


Laparoscopic and Robotic Repair 
of Vesicovaginal Fistula 


Laparoscopic or robotic routes can be used by an expe- 
rienced laparoscopic/robotic surgeon for the repair of 
urinary tract fistulas that require an abdominal approach. 
Since the first case report of laparoscopic repair described 
by Nezhat and colleagues in 1994 and robotic repair 
described by Melamud and colleagues in 2005, there have 
been many published small case series of laparoscopic and 
robotic experiences with 86% to 100% success rates, 8% 
to 12% laparotomy conversion rates, and operative times 
of 70 to 280 min. The principles of laparoscopic/robotic 
repair are the same as for open surgery and may include 


the classic O’Conor technique as mentioned earlier, which 
involve bivalving the posterior bladder and carrying down 
the incision to the fistula tract. Alternatively, the poste- 
rior bladder may be dissected off the anterior vagina with- 
out first making an intentional cystotomy or bisecting the 
bladder as described above. After mobilization, the vagina 
and bladder are then closed separately. Interposition grafts 
such as omentum can be mobilized and placed between 
the bladder and the vagina. Similar to the laparotomy 
route, procedures involving the ureter such as uretero- 
neocystostomy with psoas hitch can also be performed 
laparoscopically or robotically. Although there are no ran- 
domized controlled trials comparing laparoscopic/robotic 
techniques to open techniques, commonly cited advan- 
tages of laparoscopic or robotic routes include decreased 
intraoperative blood loss, decreased postoperative pain 
and hospital stay, and faster recovery. Limitations include 
surgeon experience and expertise, specialized operative 
instruments and operating room set-up, general anes- 
thesia, and possibly longer operative times. Gupta et al. 
reported on a retrospective study from India that matched 
12 recurrent vesicovaginal fistula cases repaired robotically 
with 20 recurrent fistula cases repaired via laparotomy by 
factors such as fistula size and cause and route of previ- 
ous repair (Gupta et al., 2010). The authors found statisti- 
cally similar success rates (100% robotic and 90% open), 
operative times (140 min for robotic versus 149 min for 
open), and rates of complications (0% for robotic versus 
10% for open) with significantly decreased mean blood 
loss (88 mL for robotic versus 170 mL for open) and hos- 
pital stays (3.1 days for robotic versus 5.6 days for open) 
in the robotic group. 


Repair of Vesicouterine Fistula 


Fistulas between the bladder and the uterus usually result 
from obstetric trauma, particularly bladder injuries at cesar- 
ean section. Extravasation of urine, superimposed infection, 
and subsequent dehiscence of the uterine incision can con- 
stitute the most likely sequence of events and formation 
of a fistula. Women with a vesicouterine fistula may have 
cyclic hematuria (Youssef’s syndrome: cyclic hematuria, 
amenorrhoea, menouria, and urinary continence). Inconti- 
nence, or loss of urine, through the cervix may at times be 
absent secondary to a valve mechanism. A tract between 
the bladder and the uterus is best demonstrated by a hys- 
terosalpingography. Small fistulas may heal spontaneously 
with long-term bladder drainage or hormonal suppression of 
menstruation for a few months. 

The surgical repair of vesicouterine fistulas (Fig. 41.9) 
is similar to that of abdominal repair of the vesicovaginal 
fistula. A transverse or longitudinal skin incision is made. 
The peritoneum is opened, and a high cystotomy is made 
in the extraperitoneal portion of the bladder. The fistulous 
tract is then identified, and sharp dissection is used to dis- 
sect between the bladder and the uterus. As mentioned 
earlier, this can also be done without first performing a 
cystotomy. Once the bladder is completely mobilized off 
the uterus and the fistulous tract has been excised, the 
bladder is closed in two layers of interrupted or continuous 
No. 3-0 absorbable sutures. This is followed by an inter- 
rupted or continuous closure of the defect in the uterus. 
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FIGURE 41.8 Repair of vesicouterine fistula. A, Vesicouterine fistula involving the lower uterine segment and upper cervix and the back of the 
bladder. B, A high cystotomy has been made and sharp dissection is used to separate the bladder from the uterus. C, Sharp dissection has 
been completed, and there is complete separation of the bladder and uterus. D, Bladder and uterus are each closed in two layers; omental flap 


is interposed between the two structures (inset). 


Interposition of omentum between the two suture lines 
may be placed. If the patient does not desire future ferti- 
lity, abdominal hysterectomy with closure of the bladder 
defect is the most definitive therapy for a vesicouterine 
fistula. Robotic techniques have also been used to repair 
these fistulas abdominally. If the fistula involves the cervix 


and bladder and can be identified and accessed through 
the vagina, the fistula can be closed vaginally by dissect- 
ing the cervix and lower uterine segment off the bladder 
and identifying the fistula tract. The bladder can then be 
closed in layers as described earlier, followed by reapproxi- 
mation of the uterus/cervix. 
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Urinary Diversion 


Most patients requiring urinary diversion because of genitouri- 
nary fistulas have had previous radiation therapy or have had 
extensive tissue compromise from obstructed labor. Bladder 
capacity is usually severely compromised from fibrosis. Uri- 
nary conduits can be constructed from small or large bowel; 
they may be continent or incontinent. The major continent 
conduits are the Kock pouch and the Miami pouch. The Kock 
pouch uses ileum with intussusception techniques, and the 
Miami pouch uses right hemicolon and a tapered terminal 
ileum. Both continent conduits have similar continence rates of 
93% to 94%. Patients must be able and motivated to catheter- 
ize the stoma every 4 to 8 h. Complications include stone for- 
mation, conduit leak and reflux, and metabolic disturbances. 
Early and late complications in continent diversions occur in 
13% to 15%; reoperation is necessary in 1% to 4%. 


Postoperative Bladder Drainage 


While it is commonly agreed that the bladder should be 
continuously drained after surgical repair of a lower urinary 
tract fistula, what the optimal duration of drainage should be 
remains less clear. Most experts and review articles recom- 
mend 10 to 21 days of continuous drainage via a transurethral 
or suprapubic catheter. Longer duration of bladder catheter- 
ization may increase the risk for urinary tract infections and 
other associated morbidities. This may be an even more criti- 
cal issue in resource-limited countries as fistula patients often 
stay in the hospital until catheter removal. Longer stays in the 
hospital by existing patients will decrease hospital turnover 
and thereby prevent more patients from undergoing repair 
in a timely fashion. There are retrospective studies and one 
randomized controlled trial that demonstrated no differences 
in repair success and postoperative infection in 189 obstetric 
fistula patients randomized to 10 days of continuous bladder 
drainage compared with 14 days of continuous bladder drain- 


age (Nardos et al., 2012). 


Complications 


The surgical repair of genitourinary fistulas may be com- 
plicated by risks common to all operations, such as hemor- 
rhage, infection, and thromboembolism. If tissue breakdown 
occurs at the vaginal or bladder suture lines, the fistula 
may persist or recur. Other delayed surgical complications 
include vaginal stenosis and small-bladder syndrome, oste- 
itis pubis, and urinary incontinence (see below). Dyspa- 
reunia caused by tenderness over the site of Martius grafts 
has been reported. Metabolic disturbances and recurrent 
pyelonephritis may develop after ureterosigmoidostomy. 
After successful fistula repair of genitourinary fistula, elec- 
tive cesarean delivery is strongly recommended for all sub- 
sequent births. 

Although most series report a high cure rate of obstet- 
ric fistula closure, persistent urinary incontinence remains 
a significant clinical issue in these patients and has been 
reported in 10% to 55% of women after successful fistula 
closure. The same ischemic damage that led to the develop- 
ment of the fistula may also compromise continence mecha- 
nisms with either direct urethra/urethral sphincter damage 
or local soft tissue destruction and nerve damage resulting 


in extensive local fibrosis. Many experts believe that a ure- 
thral length of at least 1.5 to 2.0 cm is needed to preserve 
continence (Waaldijk, 2004). Risk factors associated with 
incontinence include urethral involvement, small con- 
tracted bladder or a large fistula, increased vaginal scarring 
or fibrosis, or recurrent fistulas (Browning, 2006; Sjoveian 
et al., 2011). In a few small case series of urodynamic find- 
ings on obstetric fistula patients who present with urinary 
incontinence after successful fistula repair, 31% to 56% had 
stress incontinence, 37% to 41% had mixed incontinence, 
and 4 to 13% had voiding dysfunction, with a mean bladder 
capacity of 200 mL found in one study (Carey et al., 2002; 
Murray et al., 2002). 

When patients present with incontinence symptoms 
after fistula surgery, it is critical to first ensure the fistula has 
not recurred or persisted. Women with incontinence after 
successful fistula repair are surgically challenging, because 
these patients will often have a scarred and fixed urethra, 
instead of one that is hypermobile (84% in one small series; 
Murray et al., 2002). Techniques such as periurethral injec- 
tion of bulk-enhancing agents have been reported for women 
with stress incontinence symptoms after successful repair of 
a fistula. Autologous rectus or fascia lata slings and synthetic 
slings have been used with similar rates of stress inconti- 
nence resolution or improvement (64%-90%) but with sig- 
nificantly higher rates of erosion (20%) in the synthetic sling 
group (Ascher-Walsh, 2010; Murray et al., 2002). Another 
autologous sling that has been reported in the literature is 
the pubococcygeus sling, created by identifying the pubo- 
coccygeus muscle and surrounding connective tissue bilat- 
erally (Browning, 2004, 2006). The muscle is detached 
posteriorly while leaving the anterior attachment intact on 
both sides. Sufficient muscle must be detached posteriorly 
to allow for tension-free approximation under the urethra. 
The freed posterior ends of the muscle are then sutured in 
the midline under the urethra. In two small case series (12 
women and 32 women) with short-term follow-up periods 
(2-3 weeks), 67% to 69% of women were continent, with 
13% to 16% experiencing urinary retention. 


Prevention 


In the developed world, most urinary tract fistulas occur from 
complications incurred during surgery. Most commonly, the 
bladder is subject to trauma or injury during dissection from 
the cervix and upper vagina at the time of hysterectomy. This 
is evidenced by findings in one large series of no vesicovagi- 
nal fistulas in 1000 supracervical hysterectomies (Harki-Siren 
et al., 1998). Fistulas that occur as a result of hysterectomy are 
usually found in the posterior wall of the bladder superior to 
the interureteric ridge. Tancer (1992), in a retrospective review 
of 151 urogenital fistulas, presented suggestions and observa- 
tions on avoiding injury to the bladder during total abdominal 
hysterectomy. They included the use of a two-way indwell- 
ing catheter; sharp dissection of the bladder off the uterus, 
cervix, and upper vagina; careful placement of sutures and 
clamps during vaginal cuff closure; extraperitoneal cystotomy 
when the dissection is difficult; retrograde filling of the blad- 
der when injury is suspected; and repair of an overt bladder 
injury only after mobilization of the injured area. He also stated 
that the retrograde filling of the bladder during dissection may 
help to define the border of the bladder, which can otherwise 


distorted or displaced by previous surgery or a lower uterine 
segment fibroid. Another method of preventing bladder injury 
is by performing an intrafascial hysterectomy. The vesicocervi- 
cal space must be completely developed, and the bladder must 
be thoroughly mobilized inferiorly and laterally. In theory, the 
bladder has been mobilized from the site of entry into the 
vagina and is less likely to be compromised because it rests 
on the dissected fascia. In a recent review of 867 women who 
underwent an intrafascial abdominal hysterectomy, a bladder 
injury incidence of 0.4% was reported. 

It is paramount to recognize and repair bladder and 
ureteral injury intraoperatively to prevent fistula devel- 
opment. In an older meta-analysis, only 52% of bladder 
injuries and 12% of ureteral injuries were detected intra- 
operatively with an increase in detection rate to 85% and 
90% respectively if routine cystoscopy is performed intra- 
operatively, (Gilmour, 1999). Studies by Pettit and Petrou 
(1994) and Wiskind and Thompson (1995) have shown 
a significant prevalence of unsuspected ureteral injuries 
(0.1%-2%) and advocate routine cystoscopy at all pelvic 
operations. When a cystotomy occurs, the first priority is 
to determine the proximity of the cystotomy to the ure- 
teral orifices and determine if the ureter is also compro- 
mised. This is best done via cystoscopy, by extending the 
cystotomy or by creating a separate extraperitoneal cystot- 
omy during an abdominal case. The authors prefer to tag 
the opposing poles of the cystotomy with delayed absorb- 
able sutures, and usually a No. 2-0 or a No. 3-0 absorbable 
suture is used to close the cystotomy. The cystotomy may 
be closed with interrupted or continuous sutures. We pre- 
fer to include the mucosa in the closure of high, nondepen- 
dent cystotomies, however, we attempt to place sutures 
extramucosally in lower, dependent cystotomies. A second 
layer is usually included to imbricate the bladder muscu- 
laris over the first layer. One can ensure complete closure 
of the cystotomy and ensure that the repair is watertight 
by instilling dilute methylene blue, indigo carmine, or ster- 
ile milk into the bladder. Low intraperitoneal cystotomies 
usually require a minimum of 7 days of continuous drain- 
age, whereas a high extraperitoneal cystotomy in a non- 
dependent portion of the bladder may require as little as 
24 to 48 h of drainage. Some surgeons advocate routinely 
obtaining a cystogram before removal of the catheter. 

Careful dosage calculation, administration, source inser- 
tion, and shielding, together with appropriate bladder drain- 
age, can reduce the risk of radiation-induced lower urinary 
tract fistulas. This complication may nonetheless arise many 
years after a symptom-free interval and may not be com- 
pletely preventable. 

In the developing world, urinary tract fistulas com- 
monly result from complications of childbirth. Although 
maternal mortality from pregnancy-related complications 
has decreased more than 35% in the past 30 years, there 
were still an estimated 343,000 deaths per year in 2008 
(Hogan, 2010). The World Health Organization estimates 
that for every mother who dies, 10 to 20 are injured, with 
8% suffering obstructed labor and possible vesicovaginal 
fistula development. Epidemiologic research is urgently 
needed to identify communities with a high prevalence of 
fistulas and to determine the characteristics of women at 
high risk for bladder or urethral injury during childbirth. 
Preventive strategies must be directed at several levels to 
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achieve a meaningful reduction in the occurrence of geni- 
tourinary fistulas caused by neglected obstructed labor. 
Economic gains will lead to improved nutritional status 
and decreased prevalence of pelvic contracture. Socio- 
cultural changes are necessary to delay childbearing until 
pelvic maturity. For example, one study using logistic 
regression models on delivery data from Niger, Nigeria, 
and Tanzania found that 11% to 13% of obstructed labor 
can be prevented if women 17 years or younger do not 
bear children (Tsui, 2007). Increased availability of pre- 
natal care and establishment of maternity waiting homes 
would improve care during pregnancy and identify con- 
ditions, such as abnormal fetal presentation, before labor. 
Trained birth attendants could perform bladder drainage 
in labor and identify abnormal labor patterns, using por- 
tographs. Emergency transport for women in prolonged 
labor to centers staffed by skilled personnel could enable 
abdominal delivery when vaginal delivery is impossible. 
Many experts also recommend placing Foley catheters in 
any women who report a history of undergoing labor for 
>24 h. Until all of these goals, can be realized, genitouri- 
nary fistulas will continue to occur and women will need 
advanced care for surgical management. 
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The association between lower urinary tract dysfunction 
and gynecologic malignancy is linked by the close proxim- 
ity of the bladder, urethra, and distal ureters to the female 
genital tract. A testimony to this association by proximity is 
the higher staging (and worse prognosis) of gynecologic can- 
cers that spread to involve the lower urinary tract. To con- 
sider the effects of gynecologic malignancy on lower urinary 
tract function is actually to consider a number of related 
questions that must include not only tumor biology (e.g., 
tumor invasion or compression of urinary structures) but 
also the standard cancer therapies, including surgery, radia- 
tion, and chemotherapy. The answers to these questions are 
variably supported in the literature and are poorly, if at all, 
understood. Although urinary tract dysfunction can be the 
presenting sign of gynecologic malignancy, today more often 
the treatments of gynecologic cancers are the cause of lower 
urinary tract problems. Since these treatments frequently 
include pelvic surgery and often hysterectomy (intrafascial, 
vaginal, and radical), the question of how hysterectomy 
affects lower urinary tract function is relevant. Both chemo- 
therapy and radiotherapy are used in the treatment of gyne- 
cologic malignancies and can also affect lower urinary tract 
function; how these treatments affect the lower urinary 
tract therefore are also relevant. Finally, how the specific 
gynecologic cancers themselves affect lower urinary tract 
function should be considered. 

The dominant lower urinary tract dysfunction affect- 
ing women following treatment of gynecologic malignancy 
is urinary incontinence. Genitourinary fistulas, a potential 
cause of urinary incontinence, are an important morbid- 
ity associated with gynecologic surgery and historically are 
linked with gynecologic cancer. The incidence and causes 
of genitourinary fistula have changed in modern times, and 
discussion of this topic is found in detail elsewhere in the 
book. Nonetheless, it is worth considering the topic in iso- 
lation as it relates to gynecologic cancer and its treatment. 
Other long-term lower urinary tract morbidities of gyneco- 
logic cancer treatments include ureteral stenosis and hem- 
orrhagic cystitis. Although it is fitting to consider each of 
these topics, the emphasis of this chapter will be on urinary 
incontinence. 
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Understanding the association between urinary incon- 
tinence and gynecologic malignancy is hampered on many 
levels. Age is an important confounder of this association 
because age influences the occurrence of both pelvic malig- 
nancy and urinary incontinence. At the treatment level, dif- 
ferences in surgical and radiotherapy technique also blur any 
association. To date, most research on the association of uri- 
nary incontinence and gynecologic malignancy has examined 
the effects of radical hysterectomy and pelvic radiation on 
bladder function. Few studies have been done on the effects 
of vulvar cancer and radical vulvectomy on the bladder and 
urethra. No studies have been done on the lower urinary 
associations of ovarian cancer reflecting a tumor biology and 
treatment that largely excludes the bladder. Table 42.1 out- 
lines how each gynecologic cancer is linked with the clas- 
sifications of urinary incontinence. 


The Effects of Intrafascial Hysterectomy 
on Lower Urinary Tract Function 


The effects of any surgery can be divided roughly between 
intraoperative complications and postoperative sequelae. 
Since the technique for intrafascial or vaginal hysterectomy 
for benign conditions is largely identical to those done for 
malignant conditions, with the exception of lymph node 
sampling, it is reasonable to use this information. It is recog- 
nized that the degree of surgical complexity may be greater 
for those women undergoing an intrafascial hysterectomy 
for gynecologic cancer. 


Intraoperative Injuries to the Lower Urinary 
Tract during Hysterectomy 


Operative complications of intrafascial hysterectomy have 
been widely investigated with the question of which surgical 
approach—abdominal, vaginal, laparoscopic, or robotic—is 
optimal for management of benign disease. The rate of mor- 
tality for a benign hysterectomy is approximately 0.1%. Yet, 
even at this low rate, given that approximately 600,000 hys- 
terectomies are performed annually in the United States, an 
estimated 600 women die from hysterectomy-related com- 
plications each year. The major morbidities of hysterectomy 
include, but are not limited to, hemorrhage requiring trans- 
fusion, infection, pulmonary embolus, wound dehiscence, 
injury to bowel, nerves, and the lower urinary tract includ- 
ing the bladder and ureter. The overall complication rate 
ranges between 6% and 19%. Laparoscopic hysterectomy, 
despite being associated with shorter hospitalizations and 
better short-term patient function, has consistently been 
associated with a higher risk of lower urinary tract inju- 
ries. The surgeon’s failure to recognize a lower urinary tract 
injury can complicate matters further both in the short term 
(e.g., uremia, ileus) and long term (e.g., kidney failure or 
vesicovaginal or ureterovaginal fistula). 

The bladder is the most commonly injured urinary struc- 
ture in gynecologic surgery for both benign and malignant 
disease. Overall, the average incidence of bladder injury 
from major gynecologic surgery (the majority from hyster- 
ectomy) is 0.8%. In a Finnish study by Makinen et al. (2001) 
of greater than 10,000 hysterectomies, the rate of bladder 
injury was 0.2%, 0.5%, and 1.3% for vaginal, abdominal, and 
laparoscopic hysterectomy, respectively. The ureter is the 


Table 42.1 Gynecologic Cancers in Relation to 


Functional Classification of Urinary Incontinence 


Incontinence 
No “usual” disease or treatment-associated source of urinary 
incontinence. Mass effect on the bladder or neurotoxicity from 
chemotherapy may be a source of urinary frequency or urgency. 
Vaginal cancer 
Bladder dysfunction 
Detrusor overactivity 
Involuntary contractions (neurologic injury and/or 
inflammation) following surgery or radiotherapy 
Decreased compliance (neurologic injury and fibrosis) 
Radical pelvic surgery 
Radiotherapy 
Detrusor hypersensitivity (neurologic injury and/or 
inflammation) following radiotherapy 
Vesicovaginal fistula 
Urethral dysfunction 
Intrinsic sphincter deficiency following radiotherapy 
Urethrovaginal fistula 
Cervical cancer 
Bladder dysfunction 
Detrusor overactivity 
Involuntary contractions (neurologic injury and/or 
inflammation) 
Radical pelvic surgery 
Radiotherapy 
Decreased compliance (neurologic injury and fibrosis) 
Radical pelvic surgery 
Radiotherapy 
Detrusor hypersensitivity (neurologic injury and/or 
inflammation) 
Radical pelvic surgery 
Radiotherapy 
Ureterovaginal fistula 
Vesicovaginal fistula 
Urethral dysfunction 
Defective anatomic support following radical pelvic 
surgery 
Intrinsic sphincter deficiency following radiotherapy 
and/or radical pelvic surgery 
Urethrovaginal fistula 
Endometrial cancer 
If radical pelvic surgery or radiotherapy is used, treatment-asso- 
ciated sources of urinary incontinence are the same as cervical 
cancer. 
Vulvar cancer 
Bladder dysfunction 
Detrusor overactivity 
Involuntary contractions (neurologic injury and/or 
inflammation) following radiotherapy 
Decreased compliance (neurologic injury and fibrosis) 
following radiotherapy 
Detrusor hypersensitivity (neurologic injury and/or 
inflammation) following radiotherapy 
Vesicovaginal fistula 
Urethral dysfunction 
Defective anatomic support following radical pelvic surgery 
Intrinsic sphincter deficiency 
Distal urethral resection 
Radiotherapy 
Urethrovaginal fistula 


second most commonly injured organ during major gyneco- 
logic surgery with abdominal hysterectomy accounting for 
86% of all injuries. The Finnish study, reflecting a trend seen 
among other studies, found the ureter injury rate for vagi- 
nal hysterectomy was 0%; after abdominal and laparoscopic 
hysterectomy, it was 0.2% and 1.1%, respectively. 
Frankman et al. (2010) reported on lower urinary tract 
injury in women in the United States from 1979 to 2006 
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based on the National Hospital Discharge Survey. This large 
cohort includes data on nearly 50 million gynecologic pro- 
cedures including 11.7 million abdominal hysterectomies, 
4.3 million vaginal hysterectomies, 591,069 laparoscopic- 
assisted vaginal hysterectomies (LAVH), 327,857 supracer- 
vical abdominal hysterectomies, 141,938 radical abdominal 
hysterectomies, and 38,887 laparoscopic supracervical hys- 
terectomies. This study found the bladder injury rate was 
highest in LAVH (13.8/1000) and vaginal hysterectomy 
(13.1/1000). The bladder injury rate was 10.3/1000 for 
supracervical abdominal hysterectomy. Total abdominal hys- 
terectomy, radical abdominal hysterectomy, and laparoscopic 
supracervical hysterectomy all had the lowest rates of bladder 
injury at 6.9/1000, 2.2/1000, 0/1000, respectively. Ureteral 
injury rates were most common with radical hysterectomy at 
7.7/1000. This is not unexpected given the extensive dissec- 
tion around the ureter that is routinely done at the time of 
a radical hysterectomy for malignancy. Lower ureteral injury 
rates were seen for vaginal hysterectomy (0.7/1000), supra- 
cervical abdominal hysterectomy (0.6/1000), laparoscopic 
supracervical hysterectomy (0.6/1000), and laparoscopic- 
assisted vaginal hysterectomy (0/1000). The authors note 
that the rate of ureteral injury with LAVH in their study may 
be underestimated as their dataset used procedure codes and 
an LAVH with a recognized ureteral/bladder injury is likely 
to be converted to an open procedure. 

Frankman et al. (2010) also addressed the primary surgi- 
cal indication for women who sustained nonobstetric blad- 
der injuries (n = 315,755) and found that 21.8% of the 
cohort with bladder injuries were undergoing surgery for 
urinary incontinence as compared to 8.1% with bladder 
injuries who were undergoing surgery for gynecologic malig- 
nancy. When looking at the primary indication for surgery in 
women who sustained ureteral injuries (n = 109,589), the 
majority were undergoing surgery for malignancy at 7.5% 
with endometriosis being the next most common opera- 
tive indication in women with ureteral injuries at 4.0%. The 
question of how hysterectomy precipitates urinary tract 
injury answered in these studies teaches that overall the rate 
of injury is low but varies with surgical approach, with that 
likely reflecting case complexity and surgeon experience. 

Applying these lessons to the treatment of gynecologic 
malignancies is complicated by the added complexity and 
morbidity of lymph node sampling that may be done along 
with the “standard” intrafascial hysterectomy. Addition- 
ally, patient characteristics such as prior pelvic irradiation as 
may be the case in hysterectomy for cervical cancer, tumor 
infiltration and distortion of tissues as in ovarian cancer, or 
morbid obesity as in endometrial cancer can all lead to the 
potential for increases in ureteral and bladder injuries. Off- 
setting any rise in urologic injuries that may occur because of 
this added complexity is the overall greater surgical experi- 
ence among gynecologic oncologists. Despite these potential 
confounders, more data are becoming available for injury 
rates specific to surgical management of gynecologic malig- 
nancy. In the largest Gynecologic Oncology Group study 
comparing laparoscopy with laparotomy for surgical staging 
of endometrial cancer, Walker et al. (2009) looked at opera- 
tive complications as a secondary outcome. This multi-insti- 
tutional study found no difference for intraoperative bladder 
or ureter complications between the surgical approaches, 
with each at a rate of 1%. The postoperative complication 


rate of urinary fistula was also no different between the 
laparotomy and laparoscopy groups at less than 1% each. 
In a subsequent study, Fader et al. (2012) performed a ret- 
rospective, multisite study at high-volume cancer centers 
comparing minimally invasive surgery versus laparotomy in 
women with high-grade endometrial cancer finding identical 
urinary tract injury rates at 1/192 for laparotomy and 1/191 
for minimally invasive surgery. These data, taken with the 
improved quality of life scores seen for women undergoing 
minimally invasive surgical staging for endometrial cancer, 
have transformed management of this malignancy to one 
primarily approached laparoscopically or robotically. 

Similar minimally invasive management trends are being 
seen in cervical cancer staging. Lowe et al. (2009) reported 
on 42 cases of Type II and III robotic radical hysterecto- 
mies and found a bladder injury rate of 0.02% (1/42) and 
an identical ureteral injury. In the largest published com- 
parative series on radical hysterectomy for cervical cancer, 
Wright et al. (2012) examined 1894 women undergoing 
radical hysterectomy by various routes and reported rates of 
bladder and ureteral injury. This study found no statistically 
significant difference in bladder injury rate by route of sur- 
gery with a 2.2% rate for abdominal radical hysterectomy, 
2.8% for laparoscopic radical hysterectomy, and 3.0% for 
robotic radical hysterectomy. There was also no difference 
seen in ureteral injury rate among the different approaches, 
with 1.9% for abdominal radical hysterectomy, 0% for lapa- 
roscopic radical hysterectomy, and 3.0% for robotic radical 
hysterectomy. 


Postoperative Effects of Hysterectomy 
on the Lower Urinary Tract 


Of the available studies on the postoperative effects of hys- 
terectomy on the lower urinary tract, only one is random- 
ized and all are limited by small size (between 16 and 72 
subjects) and short duration (all but one 6 months or less). 
The message from these studies is conflicting. A minority 
of studies documents some bladder dysfunction following 
hysterectomy, whereas the majority finds either no effect 
or improvement in bladder function. The minority view 
holds that, with hysterectomy, there is a disruption of the 
autonomic and sensory nerves to the bladder—a view more 
substantiated with radical hysterectomy. Retrospective 
reviews of incontinent patients have uncovered an associa- 
tion between women symptomatic for some lower urinary 
tract dysfunction (e.g., incontinence, voiding dysfunction) 
and hysterectomy. A large population study by Brown et al. 
(1996) investigating this issue queried 7949 American 
women over the age of 65 and found daily urinary inconti- 
nence was more common in women who had had previous 
hysterectomy than those who had not (adjusted odds ratio 
1.4; 95% CI 1.1-1.6). Among these retrospective studies, 
the variability in definitions of urinary incontinence and the 
unknown indications for hysterectomy (e.g., pelvic organ 
prolapse) make interpretation of their results difficult. Fur- 
thermore, these studies are hindered by selection and/or 
recall bias. 

Weber et al. (1999), in a prospective study of 43 
women before and after hysterectomy, found no change in 
reported stress or urge incontinence at a mean follow-up 
of 14.2 months. Yet studies that find either no association 
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or a beneficial effect of hysterectomy on bladder function 
could suffer from inadequate follow-up times to uncover 
the issues seen in the long-term population-based studies. 
Notably, a number of studies have compared urodynamic 
findings before and after hysterectomy and all have found 
no significant changes in mean cystometric capacity, occur- 
rence of spontaneous detrusor contractions, postvoid resid- 
ual volumes, or uroflowmetry values. Taken together, the 
quality evidence available to date supports the conclusion 
that intrafascial hysterectomy is unlikely to cause any lower 
urinary tract dysfunction in the short term and any long- 
term effects are unclear. 


The Effects of Radical Hysterectomy on 
Lower Urinary Tract Function 


The radical hysterectomy introduced by Wertheim in 1912 
has proved to be an effective treatment for early stage cervical 
cancer. Fortunately, many of the early morbidities have been 
ameliorated. In Wertheim’s original series, 6.8% of patients 
developed vesicovaginal fistulas, and 6.4% developed ure- 
terovaginal fistulas. Lesser morbidities such as urinary incon- 
tinence were not considered. Today, however, with a fistula 
rate of approximately 1%, urinary incontinence has become 


Table 42.2 


the dominant surgery-related morbidity. Rates of lower uri- 
nary tract dysfunction following radical hysterectomy range 
between 20% and 80%. Types of lower urinary tract dysfunc- 
tion following radical hysterectomy include voiding dysfunc- 
tion (e.g., abdominal straining, slow flow, urinary retention), 
storage dysfunction (e.g., decreased capacity or sensation, 
elevated postvoid residual volumes), recurrent urinary tract 
infections, and urinary incontinence. Table 42.2 lists the 
kinds and frequency of urologic complications following 
radical hysterectomy. Urinary incontinence of various types 
occurs in 20% to 50% of patients following radical hysterec- 
tomy for cervical cancer with between 5% and 12% of indi- 
viduals severely handicapped by the disorder. Notably, one 
study found that 35% of patients were unhappy with their 
urinary dysfunction following radical hysterectomy, although 
all were satisfied with their posttreatment cancer outcomes. 
This likely reflects an acceptance of presumed necessary 
morbidities of aggressive cancer treatment. Recent advances 
in the technique of radical hysterectomy including tailoring 
the degree of dissection to the overall treatment goal as well 
as a nerve-sparing technique are emerging and may help to 
further ameliorate postoperative alterations in bladder func- 
tion. The following will consider the specific bladder and 
urethral effects of radical hysterectomy. 


Long-term Effects of Radical Hysterectomy on Urethrovesical Function 


Study Patient Number Methods Follow-up Time Findings 

Green et al. (1962) 623 IVP; cystoscopy; cystometry 20 year Fistula, atonic bladder pyelone- 
phritis 

Glahn (1970) 27 IVP; cystoscopy; UDS 12 month Sensory loss, atonic bladder, 
incontinence, elevated PVR 

Forney (1980) 22 IVP; cystoscopy; UDS 6-43 month Hypertonic bladder followed by 
sensory loss, stress incontinence 

Low et al. (1981) 20 UDS 12 month Decreased urethral pressure, tran- 
sient urinary retention (25%) 

Sasaki et al. (1982) 30 UDS 12 month Decreased urethral pressure, stress 
incontinence (3%) 

Carenza et al. (1982) 15 UDS 7-12 month Motor and sensory loss (80%), de- 
creased bladder capacity (30%) 

Kadar et al. (1983) 58 Telephone interview 10 year SUI (12%), 36% mild inconti- 
nence from absent bladder 
sensation 

Kristensen et al. (1984) 2 UDS 17-32 month Severe SUI (7%) 

Scotti et al. (1986) 12 IVP; UDS 12 month SUI (50%), atonic bladder (36%), 
motor and sensory loss (25% 
and 17%), impaired flow (17%), 
elevated PVR (25%) 

Fishman et al. (1986) 22 Telephone interview 5-41 month SUI (70%), sensory loss (55%), 
impaired flow (75%), elevated 
PVR (10%) 

Bandy et al. (1987) 61 Cystometry 7-236 month Atonic bladder (25%), low compli- 
ance (31%), detrusor instability 
(4%), elevated PVR (16%) 

Ralph et al. (1988) 40 IVP; UDS 12 month Abdominal straining (85%), sen- 
sory loss (63%), high compli- 
ance (40%), low compliance 
(22%), SUI (55%) 

Sekido et al. (1997) 2 IVP; UDS 14-36 year Impaired flow and elevated PVR 
(100%), sensory and motor loss 
(100%), low compliance (71%) 

Naik et al. (2001) 77 Questionnaire; UDS (24 pts) 12 month SUI (71%), impaired bladder 


compliance (25%) 


UDS, Urodynamic study (flowmetry, cystometry, urethral profiles); IVP, intravenous pyelogram; PVR, postvoid residual volume; SUI, stress urinary 


incontinence. 


Modified from Zullo MA, Manci N, Angioli R, Muzii L, Panici PB. Vesical dysfunctions after radical hysterectomy for cervical cancer: a critical review. Crit Rev 


Oncol Hematol. 2003;48:287. 
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Table 42.3 Bladder Changes after Radical Hysterectomy 


Total Bladder Capacity 


Author <9 Months >9 Months 
Scotti et al. (1986) NS NS 
Westby et al. (1985) NS NS 
Farquharson et al. (1987b) i} c 
Vervest et al. (1989) l c 
Forney (1980)* T i 
Low et al. (1981) c c 
Carenza et al. (1982)* i} € 
Kadar et al. (1984) e c 
Ralph et al. (1988) Nst NS 
Kindermann et al. (1988) NS c 
Lin et al. (1998) Œ l 


Bladder Compliance Residual Volume 


<9 Months >9 Months <9 Months >9 Months 
i I E T 
€ G T NS 
l G T ic 
l e T NS 
€ G T NS 
| il G G 
€ c € € 
€ il iG Gc 
NS 38% NS/40% c c 
1/23% l 
NS € C € 
€ i € T 


NS, No change; c, not examined; *CO2 cystoscopy, * | 14 days postoperative; | decreased; 1 increased. 


Bladder Dysfunction 


Despite Scotti et al. (1986) documenting stable bladders 
on urodynamic studies of women following radical hyster- 
ectomy, the majority of studies report abnormal spontane- 
ous contractions of the bladder. A number of studies have 
shown decreased bladder compliance and resultant increased 
bladder pressures in patients following radical hysterectomy. 
Table 42.3 lists these reported urodynamic bladder changes 
following radical hysterectomy. These findings, however, are 
usually transient with spontaneous resolution or development 
of bladder areflexia and overflow incontinence over the fol- 
lowing year. Both Lerner et al. (1980) and Kadar et al. (1983) 
reported patients with permanent inability to void following 
radical hysterectomy, presumably from an atonic bladder. In 
a study of women who had undergone a radical hysterectomy 
no less than 10 years prior, Minini et al. (1992) found 18 
of 20 had absent bladder contractility requiring abdominal 
straining to void. Detrusor function can be impaired irrespec- 
tive of intravesical pressure. Decreased bladder compliance 
and increased intravesical pressure would be expected to cor- 
respond with increased flow rates and less residual urine, but 
this is not always the case following radical hysterectomy. 
The etiologies of bladder and urethral effects after radi- 
cal hysterectomy are difficult to decipher. Several studies 
have investigated the effects of sparing some portion of the 
cardinal ligaments on bladder function. The concept has 
merit as studies confirm the presence of abundant nerve tis- 
sue in the cardinal and uterosacral ligaments, particularly at 
their site of origin along the pelvic sidewall. Forney (1980), 
Sasaki et al. (1982), and Kadar et al. (1983) all documented 
less-impaired bladder function among patients undergoing 
radical hysterectomy in whom portions of the cardinal liga- 
ments were preserved. The inferior hypogastric plexus con- 
sists mainly of parasympathetic fibers from sacral roots S3 
and S4 as well as some sympathetic fibers from the lumbo- 
sacral trunk. These nerves are present at least in part in the 
cardinal and uterosacral ligaments and supply the large bowel 
(to the level of the internal anal sphincter), the bladder and 
urethra, and the entire genital tract. Division of these nerves 
during radical hysterectomy alters the neurologic control of 
the lower urinary tract, resulting in dysfunction. In 1973, 
Roman-Lopez and Barclay postulated that parasympathetic 
overdominance following radical hysterectomy accounted 


for the initial bladder dysfunction. However, this theory 
fell into disfavor when parasympatholytic agents did not 
reverse the bladder effects. Alternatively, Forney (1980) 
argued that damage to the sympathetic portion of the hypo- 
gastric plexus accounted for the bladder dysfunction. Diffi- 
culty with this mechanism, however, arises in investigations 
such as Scotti et al. (1986) that did not find any correlation 
between the radicality of the surgery and any lower uri- 
nary tract dysfunction. Moreover, Kindermann and Debus- 
Thiede (1988) discounted the effects of denervation, citing 
a German study wherein the amount of cardinal ligament 
resected did not correlate with degree of lower urinary tract 
dysfunction. They argued that direct operative trauma, 
edema, hematoma, and scar formation accounted for the 
majority of dysfunction following radical hysterectomy. 
Detrusor sensation is diminished in every study of the 
effects of radical hysterectomy on lower urinary tract func- 
tion. Cervical cancer per se probably does not affect bladder 
sensation. Following radical hysterectomy, patients report 
replacement of the normal bladder sensation with a vague 
sense of fullness in the lower abdomen. With lost physiologic 
cortical sensory input from the bladder following radical 
hysterectomy, patients may become aware of less sensitive 
indicators of vesical distention such as peritoneal stretching 
or pressure on adjacent abdominal viscera. Often this altered 
sensation improves over the course of a year. However, 
decreased bladder sensation can lead to bladder atony if care- 
ful early postoperative bladder drainage is not maintained. 


Urethral Dysfunction 


The etiology of urethral dysfunction after radical hysterec- 
tomy has not been clearly determined, although recent work 
suggests that outlet dysfunction works in concert with the 
known bladder dysfunction. The most consistent urodynamic 
finding following radical hysterectomy is decreased urethral 
pressure. The functional urethral length is decreased in many 
studies, although this appears to resolve over time. Table 42.4 
catalogs the changes in the urethra following radical hyster- 
ectomy. Anatomic support defects resulting in stress incon- 
tinence are not usually found following radical hysterectomy. 
Notably, Kadar and Nelson (1984b) argued that anti-inconti- 
nence procedures designed to suspend the bladder neck would 
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Table 42.4 Urethral Changes after Radical Hysterectomy 


Functional Urethral Length 


Author <9 Months 
Scotti et al. (1986) NS 
Westby et al. (1985) NS 
Farquharson et al. (1987b) i 
Vervest et al. (1989) NS 
Forney (1980)* c 
Low et al. (1981) J 
Carenza et al. (1982)* i 
Sasaki et al. (1982) NS 
Kadar et al. (1983) c 
Ralph et al. (1988) y 
Kindermann et al. (1988) c 
Lin et al. (1998) c 


NS, change; c, not examined; *CO2 cystoscopy; | decreased; T increased. 


be largely unsuccessful because intrinsic sphincter deficiency 
is more often the etiology of urinary incontinence among these 
patients. The success of contemporary mid-urethral slings on 
treatment of urinary incontinent women following radical hys- 
terectomy is beginning to emerge. Hazewinkel et al. (2009) 
reported on two patients with stress urinary incontinence fol- 
lowing radical hysterectomy for cervical cancer treated with a 
single-incision mid-urethral sling. Both women reported favor- 
able stress urinary incontinence (SUI) management outcomes, 
but one had a minor mesh extrusion and the other required 
treatment for urinary urgency. Given the general inferiority of 
single-incision mid-urethral slings to the traditional retropubic 
approach, the success in this case portends mid-urethral sling 
surgical approaches are a viable option for SUI management 
among women who have had cervical cancer. 

Intrinsic sphincter deficiency is the dominant etiology 
of urinary incontinence following radical hysterectomy. 
This condition can arise from mucosal trauma as occurs 
with radiation or from decreased innervation or vascularity. 
Damage to the nerve plexus in the cardinal ligament may 
be responsible for lost innervation, although this remains to 
be determined. In addition, following radical surgery the 
bladder neck and urethra can become abnormally fixed. 
This, together with decreased urethral pressure from 
denervation injury, conspires to create intrinsic sphincter 
deficiency in some women following radical hysterectomy. 
Generally, electromyography data from the pelvic floor 
musculature collected on patients following radical hyster- 
ectomy have not revealed any change from preoperative 
measurements. Although the interpretation and value of 
pudendal terminal motor latency is unclear, Chuang et al. 
(2003) found no change from baseline at 6 months follow- 
ing radical hysterectomy. This suggests that nerve injury 
sustained during radical hysterectomy may be recoverable. 


Genitourinary Fistula and Gynecologic 
Malignancy 


Childbirth as a cause of genitourinary fistula has dropped 
from a high of 32% in 1920 to approximately 8% in 1988. 
Over this same period, surgery (particularly surgery for 
benign disease) has increasingly contributed to genitouri- 
nary fistula formation. Surgery accounted for 60% of fistu- 


las in 1920, rising to 82% by 1988. Although the incidence 


Maximum Urethral Pressure 


>9 Months <9 Months >9 Months 
NS l M 
NS li li 
l € E 
c NS c 
c Il l 
l i il 
c i G 
NS L L 
Cc iG il 
NS L I 
c NS NS 
NS € NS 


of genitourinary fistula formation following surgery for 
gynecologic malignancy has steadily decreased to around 
1%, benign surgery has increasingly contributed to their 
formation. A 1988 Mayo Clinic review of over 300 genito- 
urinary fistulas seen over 15 years by Lee et al. found 74% 
of genitourinary fistulas arose following surgery for benign 
conditions (including obstetric) with malignancy contribut- 
ing only 14%. The incidence of genitourinary fistulas follow- 
ing intrafascial hysterectomy is difficult to estimate because 
(1) it is an infrequent morbidity and (2) it is influenced 
by intangible factors such as degree of surgical complexity 
and surgeon skill. Drawing again from the 1988 Mayo Clinic 
experience, among the 239 women with genitourinary fis- 
tulas referred for care where the specialty of the operating 
surgeon was known, obstetrician/gynecologists accounted 
for 137 patients, with six physicians referring more than 
one patient. 

Radiotherapy for gynecologic malignancy also contrib- 
utes to the formation of genitourinary fistula. The 1988 
Mayo Clinic review noted that 6% were associated with 
pelvic irradiation. Moreover, complex fistulas involving 
more than one lower urinary tract organ were more often 
associated with some kind of pelvic irradiation. The effects 
of pelvic irradiation on lower urinary tract function are dis- 
cussed in more detail later in this chapter. A distinct differ- 
ence between lower urinary tract complications, including 
fistula, of radiotherapy and those from surgery is the timing 
of onset. Genitourinary fistulas in association with irradia- 
tion can arise months or even years after completion of the 
therapy. 


The Effects of Chemotherapy on Lower 
Urinary Tract Function 


The effect of chemotherapy on the kidneys is an important 
treatment-associated morbidity of gynecologic malignancy. 
Cisplatin, mitomycin, cyclophosphamide, methotrexate, 
and newer biologic agents such as bevacizumab are all used 
in the treatment of gynecologic malignancy and all have 
renal toxicity. Careful administration, monitoring, and the 
use of hydration and diuretics limit these toxicities. Since 
this chapter is limited to lower urinary tract effects of gyne- 
cologic cancers, renal effects of chemotherapy will not be 
considered further. 
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The best-known effect of chemotherapy on bladder 
function is cystitis. In general, cystitis is common among 
patients with cancer and in this population can arise from 
chemotherapy, radiation treatment, or infection. The 
most severe form of cystitis is hemorrhagic cystitis that 
can occur in up to 40% of patients receiving high-dose 
chemotherapy. Cyclophosphamide is the chemotherapy 
most closely linked to hemorrhagic cystitis among those 
agents used in the treatment of gynecologic cancers. It has 
been reported to occur in 2% to 14% of patients receiv- 
ing cyclophosphamide. Cyclophosphamide is thought to 
cause hemorrhagic cystitis via the metabolite acrolein, 
which is a bladder irritant. Likewise, a metabolite of 
ifosfamide is thought to precipitate hemorrhagic cysti- 
tis. Platinum compounds have generally fewer effects on 
the lower urinary tract, although there have been some 
rare reports of bladder toxicities with carboplatin. In gen- 
eral, the use of generous hydration and frequent blad- 
der emptying can decrease the occurrence of this side 
effect. Additionally, sodium 2-mercaptoethanesulfonate 
(Mesna) may be useful in ameliorating toxic metabolite 
bladder effects as seen with cyclophosphamide. Aware- 
ness of any other bladder or urethral effects of chemo- 
therapy is unknown. Bladder urgency/frequency with 
possible urinary incontinence from detrusor overactivity 
has not been described after chemotherapy. Given that 
cisplatin and vincristine have some level of neurotoxicity, 
it would be reasonable to explore this possible morbidity 
among women treated with these or other chemothera- 
peutic agents. 


The Effects of Radiotherapy on Lower 
Urinary Tract Function 


Radiotherapy is most often used in the management of 
endometrial, cervical, vulvar, and vaginal cancers. Most 
studies of the effects of radiotherapy on the lower urinary 
tract have been done on women with cervical cancer. This 
information can be extrapolated and applied to all gyneco- 
logic malignancies with regard to the bladder and urethral 
effects of radiotherapy. 

Lower urinary tract damage following radiotherapy 
results from cellular necrosis of the bladder wall. This 
leads to migration of phagocytes and polymorphonucle- 
ated cells that seek to remove the damaged tissue. This 
process undermines the supporting structures of the 
bladder, ultimately leading to interstitial fibrosis and vas- 
cular endothelial damage. Histologically, the lamina pro- 
pria shows evidence of inflammation with hyperplasia of 
the urothelium. Likewise, the detrusor muscle demon- 
strates vacuolar degeneration of fibrocytes with hyaliniza- 
tion, fibrosis, and obliterative endarteritis. Radiation has 
short- and long-term effects on both bladder and ure- 
thral function. The main short-term effect is radiation 
cystitis; late effects include fistula, hemorrhagic cystitis, 
bladder ulcers, and bladder/urethral dysfunction (e.g., 
abnormal contraction and/or compliance). Farquharson 
et al. (1987a) studied the short-term effects of radiation 
on bladder function in 33 women with cervical cancer 
treated primarily with radiotherapy; subjects were fol- 
lowed up to 6 months posttreatment with bladder func- 
tion questionnaires and urodynamic testing. Bladder 


compliance was reduced during and after radiotherapy 
with significantly less compliance among those women 
receiving external beam radiation. Patients were also found 
to have reduced peak urinary flow rate and cystometric 
capacity. Age, race, disease stage, or presence of prether- 
apy bladder symptoms did not correlate with development 
of posttreatment bladder symptoms. However, reduced 
bladder compliance was associated with development of 
bladder symptoms following radiotherapy. Long-term 
radiation effects have been assessed using both ques- 
tionnaires and urodynamic studies. In a mailed survey of 
patients treated with radiotherapy for cervical cancer, Par- 
kin et al. (1987) found that 45% of respondents reported 
urgency or urge incontinence and 35% reported significant 
frequency and nocturia. Voiding dysfunction was rarely 
reported. It is, however, unclear from this study what the 
background incidence of these disorders was among this 
older population of women. In a follow-up study by the 
same group, 40 patients were assessed with urodynamic 
testing up to 11 years after receiving radiotherapy. Patients 
had decreased bladder capacity, lower volume of first 
bladder sensation, and higher bladder filling pressures. 
Outlet or urethral function also demonstrated deleteri- 
ous change with decreased mean urethral closing pressure 
and functional urethral length. Only 12 of the 40 women 
had symptomatic unstable detrusor contractions. This led 
the authors to conclude that bladder capacity alone did 
not account for some women’s symptoms of frequency, 
urgency, or urge incontinence; poor compliance could 
also account for these symptoms. Stress incontinence 
can occur following radiotherapy when the bladder neck 
is compromised by either fibrosis or damaged urethral 
mucosa that, together with decreased bladder compliance, 
conspire to cause stress-induced urine leakage. Zoubek 
et al. (1989) presented a case series of 11 women who 
had serious radiation complications over a 3-year period. 
The women in the series had been treated with radiation 
for cervical cancer between 3 and 39 years prior to pre- 
sentation. Urinary complications included bladder fibrosis, 
urethral incompetence (stress incontinence and intrinsic 
sphincter deficiency), vesicovaginal fistula, and bilateral 
ureteral obstruction. Those women with urethral incom- 
petence and/or fistula suffered from urinary incontinence. 

Though most studies on late radiation effects have been 
in cervical cancer survivors, evaluating these effects in uter- 
ine cancer survivors is warranted. Radiotherapy is a com- 
mon adjuvant treatment in uterine cancer patients with 
high-risk features. Many of these women will be long-term 
survivors and thus assessing the late radiation side effects is 
important. In a study of late bladder effects of radiation for 
endometrial cancer using the SEER-Medicare linked data- 
base, population-based data has become available. Women 
with uterine cancer who underwent radiation (n = 8006) 
were compared to matched controls with uterine cancer 
who did not have radiation (n = 15,585) (Samper-Jernent 
et al., 2011). There was no difference in early bladder tox- 
icities between groups; however, women who had radiation 
had an absolute increase in late bladder toxicities of 3.9%. 
Hematuria and urinary incontinence were the common late 
toxicities with radiated women having hematuria rates 1.6% 
higher than their nonirradiated counterparts, and inconti- 
nence rates were 3.5% higher among the irradiated women. 
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Relation of Lower Urinary Tract 
Dysfunction to Female Genital 
Tract Tumors 


Lower Urinary Tract Dysfunction 
and Vaginal Cancer 


Vaginal cancer is rare, representing only 1% to 2% of female 
genital tract malignancies. Most vaginal lesions are situated 
in the upper third of the vagina, often along the posterior 
wall. Thus, the urethra and bladder are usually spared from 
the effects of direct invasion. Should invasion occur, any 
incontinence or associated symptoms that develop would 
usually be caused by fistula. Most associations of vaginal 
cancer with lower urinary tract dysfunction involve the 
treatments. Stemming largely from its rarity, management 
of vaginal cancer is less standardized than other tumors of 
the female genital tract. The role of surgery is limited by the 
required radicality of surgical margins and the close proxim- 
ity of the urethra, bladder, and rectum. Barclay (1979) col- 
lected preoperative and postoperative urodynamic data on 
six patients undergoing vaginectomy (partial or total). No 
bladder dysfunction was found among the six women, and 
this was reportedly due to the surgeon’s effort to preserve 
vaginal epithelium adjacent to the urethrovesical junction. 
Likewise, Kadar et al. (1983) did not find total vaginectomy 
done in association with radical hysterectomy to increase 
bladder symptoms, including incontinence. 

Radiation therapy offers the short-term advantage of 
quicker recovery and less disfigurement, but long-term 
radiation effects such as fistula and vaginal and/or urethral 
stenosis can be equally profound morbidities. Chyle et al. 
(1996) calculated a 19% actuarial incidence of radiation 
complications over 20 years based on MD Anderson’s expe- 
riences treating vaginal cancer with radiotherapy. Complica- 
tions included rectovaginal and vesicovaginal fistulas, as well 
as radiation cystitis, rectal stricture, and ulceration. 


Lower Urinary Tract Dysfunction and 
Cancers of the Cervix and Endometrium 


Ureteral obstruction by tumor compression is the best- 
known effect of cervical cancer on the lower urinary tract. 
Resulting uremia accounts for at least 50% of untreated cer- 
vical cancer deaths. In contrast, endometrial cancer rarely 
causes primary urinary complaints. Radical hysterectomy 
and pelvic radiation are used to treat cervical and occasion- 
ally endometrial cancers, hence commonality exists between 
these cancers as to treatment-associated mechanisms of uri- 
nary incontinence that have been discussed above. Similari- 
ties also exist for these cancers in their patterns of spread 
in advanced disease with both potentially leading to vesico- 
vaginal fistula. 


Bladder Dysfunction 


Invasion of the bladder by cervical cancer is uncommon 
and rare among endometrial cancers. Because cervical can- 
cer generally invades laterally into the parametria before 
extending anterior or posterior, the bladder and rectum are 
less frequently directly involved by tumor. Kim and Han 
(1997) found bladder invasion in 4% of 300 consecutive 


patients who underwent magnetic resonance imaging for 


preoperative staging of cervical cancer. Although cystoscopy 
is a standard part of cervical cancer staging, it is unknown 
to what extent this test accurately detects subtle invasive 
disease and given the reliability of magnetic resonance imag- 
ing (MRI) for detection of bladder involvement, cystos- 
copy is being performed less commonly. For this reason, it 
is possible that the perspective of bladder involvement by 
cervical cancer may be based on incomplete knowledge of 
the problem. Cervical cancer may primarily lead to bladder 
overactivity, although the etiology for such an association is 
unclear. In a study of urodynamic findings in patients fol- 
lowing radical hysterectomy and/or radiotherapy, Lin et al. 
(1998) included a group of patients with cervical cancer 
prior to treatment. Twenty-four percent of patients with 
cervical cancer had overactive bladder prior to treatment 
versus 33% of patients following radical hysterectomy. 
These findings highlight the confusion age and other factors 
present in deciphering the effects of cancer or its treatment 
on lower urinary tract function. 


Urethral Dysfunction 


Any urethral dysfunction arising from cervical or endo- 
metrial cancer is almost exclusively treatment associated. 
Direct invasion of the urethra by either cervical or endome- 
trial cancer is exceptionally rare. Fistula from either cancer 
or its treatment would nearly always be between the ure- 
ters or bladder and the vagina, not between the urethra and 
vagina. Treatment effects on the urethra have been discussed 
previously. In general, between altered vascularity, nerve 
injury, or mucosal trauma, intrinsic sphincter deficiency is 
the most common posttreatment urethral dysfunction. 


Lower Urinary Tract Dysfunction 
and Vulvar Cancer 


Nearly half of all vulvar cancers develop within 2 cm of 
the urethral orifice. Despite this, the effects of vulvar can- 
cer on the lower urinary tract are reportedly uncommon. 
Fewer than 10% of patients complain of dysuria, and ure- 
thral obstruction is extraordinary. Compromise of the ure- 
thra usually occurs with treatment particularly since most 
authorities recommend a 2-cm margin of resection. This 
contributes to the most common urinary compliant: urine 
stream misdirection. 

A significant number of women note new onset urinary 
incontinence after treatment for vulvar cancer. Pelvic relax- 
ation including anterior and posterior vaginal wall support 
defects, uterine prolapse, and stress urinary incontinence 
have been reported to occur in 4% to 24% of patients after 
radical vulvectomy. Urinary incontinence following radical 
vulvectomy, not in association with de novo pelvic organ 
prolapse, has also been reported in between 5% and 50% 
of patients. 


Bladder Dysfunction 


Advanced vulvar cancer rarely invades the bladder. Detrusor 
dysfunction in association with vulvar cancer is almost exclu- 
sively a consequence of radiotherapy. This is more likely to 
induce bladder symptoms because of the close proximity 
of the bladder to the vulva and the unavoidable spread of 
external beam radiation. Detrusor activity and sensation are 
both adversely affected by radiation treatments involving 
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the bladder. As with vaginal cancer, rare radiation effects 
include reduced bladder compliance, possibly leading to 
urgency, frequency, incontinence, and dysuria. 

The bladder effects of radical vulvectomy are minimal. 
First sensation to void, maximum bladder capacity, and 
postvoid residual urine volume have not been found to 
change following radical vulvectomy. 


Urethral Dysfunction 


The primary mechanism for urinary incontinence in associa- 
tion with vulvar cancer is bladder outlet dysfunction. Out- 
let dysfunction can occur from anatomic support defects 
or deficiency of the urethral sphincter. Sphincter incom- 
petence can arise from altered vascularity and innervation, 
damaged urethra mucosa, periurethral scarring, changes in 
urethral mobility, or bladder neck position, all of which can 
occur with radiation or radical surgery. 

There are few studies addressing an association between 
vulvar cancer and urinary incontinence, despite a com- 
mon acceptance of its existence. In a study of 90 patients 
undergoing vulvectomy for vulvar cancer by Hoffman et al. 
(1992), the rate of postoperative urinary incontinence was 
10% despite no incontinent patient having endured urethral 
resection. Two studies provide additional mixed insight 
into the possible mechanisms for urinary incontinence fol- 
lowing radical vulvectomy. Reid et al. (1990) performed 
urodynamic and histologic studies in 21 women undergo- 
ing radical vulvectomy for vulvar malignancy. Hampl et al. 
(2011) performed urodynamic studies in a like cohort of 
19 women. Reid et al. (1990) found six patients (28%) 
reported a change in continence following surgery. Hampl 
et al. (2011) identified five patients (26%) with urinary 
incontinence following vulvectomy. Urethral resection was 
the common theme that predicted urine incontinence in 
both studies. According to Reid et al. (1990), distal ure- 
thral excision was associated with a decreased anatomic 
and functional urethral length and this with urinary incon- 
tinence. While the Reid study demonstrated pressure 
equalization between the bladder and urethra on coughing 
(stress incontinence) among the women with excised ure- 
thra, the Hampl study did not identify urodynamic stress 
incontinence in their like cohort. For the Reid study ure- 
thral resection was not associated with changes in Q-tip 
straining angle, resting urethral function, or detrusor func- 
tion, while the Hampl study did document detrusor over- 
activity with incontinence among the five urine-leaking 
patients. Overall both studies emphasize the importance 
of the distal half of the urethra in maintaining urinary con- 
tinence. Foremost in the minds of surgeons operating in 
this area should be the importance of the distal half of the 
urethra in maintaining continence. Damage could be sus- 
tained not only with mucosal excision but also with altera- 
tion of the muscles of the urethral sphincter. 

Kadar and Nelson (1984a) presented a case history of a 
woman who had total incontinence following a radical vul- 
vectomy with partial urethral resection. Cystourethroscopy 
and cystometry were performed on this patient with find- 
ings of normal detrusor function, reduced urethral length, 
and unrecordable urethral pressure. The patient underwent 
a sling operation; postoperative urodynamic testing dem- 
onstrated a 3-cm functional urethral length and proximal 
maximal urethral pressure of 40 cm HO. Urethral pressure 


remained unrecordable distal to the sling. This experience 
suggests that the urethral changes that can occur with vul- 
vectomy with urethral resection may be amenable to surgi- 
cal correction. 


Management of Hemorrhagic Cystitis 


As highlighted previously, two of the three principal etiolo- 
gies of hemorrhagic cystitis are used in the treatment of 
gynecologic cancer. Radiation, chemotherapy, and infection 
all can cause this most severe form of cystitis. The possibil- 
ity of a tumor etiology also must always be considered and 
ruled out. The amount of bleeding is variable and potentially 
negatively influenced by a poor coagulation status from 
other cancer treatments. When the bleeding is massive, a 
2% to 4% mortality rate has been reported. Irrespective of 
the etiology, the pathophysiologic manifestations are the 
same. These include gross cystoscopic findings of bladder 
mucosal erythema, edema, ulceration, necrosis, and hem- 
orrhage. On ultrasound these features are seen as bladder 
wall thickening with intravesical blood clots. Histologically, 
there is mucosal hypervascularity with associated vascu- 
lar dilation and edema, inflammatory cell infiltration, and 
smooth muscle necrosis. 

Rubin et al. (1995) described a grading system of normal 
tissue toxicity from radiotherapy. In this system the grade is 
determined by the amount of intervention required to con- 
trol the problem. Mild hemorrhagic cystitis (grade 2) would 
respond to outpatient therapy whereas severe (grade 4) 
required surgical intervention (e.g., cystectomy). The use 
of grading cystitis in this manner has little practical value in 
the immediate administration of care but could be useful 
in research. As noted previously, hemorrhagic cystitis can 
often be prevented, particularly with regard to chemother- 
apy. Use of Mesna, suprahydration, or bladder irrigation can 
all limit the bladder toxicities of certain chemotherapeutics. 
In the event hemorrhagic cystitis develops, there are a num- 
ber of therapies ranging from continuous bladder irrigation 
to cystectomy. Box 42.1 lists many of the possible treat- 
ments for hemorrhagic cystitis. Treatment and assessment 
of hematuria consistent with hemorrhagic cystitis begins 
with removal of any blood clots. Placement of a large-bore, 
three-way urethral catheter with liberal saline irrigation can 
facilitate removal of any clotted blood. Continued bleeding 
despite irrigation should precipitate cystoscopic evaluation. 
Cystoscopy can both aid in the removal of any remaining 
clots and identify any bleeding sites amenable to fulgura- 
tion. As with dysfunctional uterine bleeding, both estrogen 
and prostaglandins can be used for treatment of hemor- 
rhagic cystitis with good result. To date, use of estrogen has 
been limited to oral administration. Other options include 
hyperbaric oxygen, alum, and formalin. The latter has been 
used for many years but is limited by pain, potential ure- 
teral reflux with stenosis, and bladder fixation leading to a 
small acontractile bladder. In those patients who have per- 
sistent significant hematuria despite conservative therapies, 
vascular interventional radiology or surgery may be neces- 
sary. A hemodynamically stable patient with intractable 
bleeding could undergo a transfemoral nonselective pelvic 
arteriogram preceding selective catheterization and emboli- 
zation of the internal iliac arteries. Surgical options include 
internal iliac artery ligation and cystectomy. Diversion of 
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MILD SYMPTOMS 
e Hematuria with rare clots, minimal to no effect on systemic 
hemoglobin concentration 
e Continuous bladder irrigation with cooled normal saline 
e Suprahydration 
MODERATE TO SEVERE SYMPTOMS 
e Hematuria with significant clotting and systemic effects on 
hemodynamic status 
e Alum irrigation 
Estrogen 
Formalin instillation 
Hyperbaric oxygen 
Phenol instillation 
Prostaglandin instillation or irrigation 
Vascular interventional radiology with embolization of 
internal iliac arteries 
e Surgery 
e Internal iliac artery occlusion 
e Percutaneous nephrostomy tubes with or without ureteral 
occlusion 
e Cutaneous ureterostomy 
e Ileal loop diversion 
e Ureterosigmoidostomy 


the urinary stream with or without cystectomy can be done 
in a variety of methods, including percutaneous nephros- 
tomy tubes, cutaneous ureterostomy, or ileal loop or sig- 
moid collection. 


Conclusions 


The associations between cancers of the female genital tract 
and the lower urinary tract are primarily based on proximity. 
Treatments of gynecologic cancers are more often respon- 
sible for development of lower urinary tract dysfunction 
than the cancers themselves. Although effects on the ureter 
are an important potential morbidity of gynecologic can- 
cer, the development of urinary incontinence affects more 
women. As surgical technique has improved, the rate of fis- 
tula development has declined, leaving urinary incontinence 
as the leading postsurgical morbidity. Both radiotherapy 
and surgery induce changes in the lower urinary tract that 
can lead to urinary incontinence. The mechanisms behind 
the development of urinary incontinence (both overac- 
tive bladder and stress-related incontinence) in association 
with gynecologic cancer involve nerve damage and surgical 
trauma, unique radiation effects, and loss of tissue, as with 
urethral resection. Age must be recognized as an important 
factor in the development of urinary incontinence in associ- 
ation with gynecologic malignancy. The extent to which age 
acts alone or in combination with cancer and its treatment 
remains incompletely studied. As cancer treatments, both 
surgical and radiotherapeutic, continue to be individualized 
and improved upon, treatment-related morbidity declines 
though remain an important component of posttreatment 
survivorship planning and care. Despite the fact that lower 
urinary tract dysfunction and incontinence represent per- 
haps the most significant treatment-related morbidity, 
patients are generally satisfied with their outcomes, opting 
for morbidity over mortality. 
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Introduction 


Patients who undergo surgery for urinary incontinence or pel- 
vic organ prolapse may require catheterization postoperatively 
because of voiding difficulty. Patients with neurogenic blad- 
ders, dysfunctional voiding, or intractable incontinence may 
require intermittent or indwelling catheterization for long- 
term management. Three catheterization methods—transure- 
thral, suprapubic, and intermittent self-catheterization—can 
be used. Surgeons may also attempt voiding trials on their 
patients postoperatively. Failure to void with voiding trials 
usually requires catheterization for a period of days to weeks. 

Incontinent patients who fail or decline treatment may 
use protective products to aid with urine loss. These appli- 
ances may be preferable when treatment is too risky or 
more objectionable to the patient than continued inconti- 
nence. This chapter will discuss indwelling catheterization, 
voiding trials, and various protective products. 


Bladder Drainage 


Obstetricians and gynecologists often encounter the need for 
bladder drainage in patients after surgery and obstetric deliv- 
eries. Urinary retention is common after anesthesia and sur- 
gery, with a reported incidence between 5% and 70%. General 
anesthesia can cause bladder atony by relaxing smooth muscle 


634 


cells and by interfering with autonomic detrusor regulation. 
Intrathecal anesthetics interfere with the micturition reflex by 
blocking afferent nerve supply to the bladder. Local anesthe- 
sia does not interfere with voiding function. Surgery for stress 
incontinence or pelvic organ prolapse also increases this risk 
because of increases in urethral resistance to flow, which places 
the patient at risk for postoperative retention requiring tem- 
porary or prolonged bladder drainage. The risk of this reten- 
tion after mid-urethral, vaginal, and retropubic procedures 
ranges from 3% to 25% and may be up to 47% for pubovaginal 
sling procedures. Adequate postoperative bladder drainage is 
important because overdistension is not only uncomfortable, 
but may lead to infection as well as difficulty in resuming nor- 
mal voiding. If overdistension or retention persists, patients 
may experience secondary myogenic damage attributable to 
changes in the bladder architecture and function. 


Transurethral Catheterization 


The first self-retaining transurethral catheter was described 
in 1937 by Foley. A saline-inflated intravesical balloon holds 
the catheter in place. The transurethral catheter is commonly 
used after many gynecologic procedures. In a prospective 
cohort study by Ghezzi et al. (2007), which evaluated uri- 
nary retention after laparoscopic and vaginal surgery, 21% of 
the study population developed urinary retention, with the 
risk of retention greater in vaginal hysterectomy versus lapa- 
roscopic hysterectomy. In another study, by Hakvoort et al. 
(2009), it was found that urinary retention was increased in 
patients who underwent high-grade cystocele repairs, leva- 
tor plication, and Kelly plication. 

Transurethral catheters may be used for short periods of 
time and are made of silicone/silastic or latex. Catheters 
are measured using the Charriere or French scale, where 
0.33 mm equals 1 Fr. The rule of placing a catheter is to use 
the smallest catheter that will still allow for unobstructed 
drainage. In female patients, the usual size transurethral 
catheter used during and after procedures is 14 to 16 Fr. 

The major difficulty with use of transurethral drainage is 
the potential for infection. Urinary tract infections account 
for about 40% of hospital-acquired (nosocomial) infections, 
and about 80% of urinary tract infections occurring in hos- 
pitals are associated with urinary catheters. Pelvic surgery 
is frequently complicated by urinary tract infections. The 
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risk of infection after incontinence surgery is approximately 
33% to 47%. Forty-five percent of the women who undergo 
obliterative procedures for prolapse develop urinary tract 
infection within 3 months of surgery. Factors that are associ- 
ated with development of a urinary tract infection after sur- 
gery for prolapse and/or stress urinary incontinence include 
inability to void with catheter use, longer operative times, 
history of recurrent urinary tract infection, and concomi- 
tant procedures. Bacterial colonization of a closed system is 
unavoidable, with a rate of 5% to 10% per day. The bacteria 
within the catheter system form an ever-changing biofilm, 
which colonizes the catheter tubing and bag. Once these 
organisms have developed, it is impossible to eradicate the 
organism from the urinary system. These biofilms will per- 
sist until the catheter is removed. It is not recommended to 
treat asymptomatic bacteriuria in the presence of an indwell- 
ing catheter. Urinary tract infections will be eliminated in 
one-third of patients who have their Foley catheter removed. 

New Medicare rules, which took effect in October of 
2008, deny reimbursement for treatment of inpatient cath- 
eter-associated urinary tract infections and any associated 
complications. Box 43.1 lists the Centers for Disease Con- 
trol (CDC) Guidelines for prevention of catheter-associ- 
ated urinary tract infection. 

Recently there have been advances where catheters are 
impregnated with various metals or antibiotics to try to 
decrease risk of infection. In a prospective randomized trial 


A. Examples of Appropriate Indications for Indwelling 
Catheter Use 


e Patient has acute urinary obstruction or bladder retention 
e Need for accurate measurement of urinary function in 
critically ill patients 
e Perioperative use for selected surgical procedures 
e Patients undergoing urologic surgery or other surgery 
on contiguous structures of the genitourinary tract 
e Anticipated prolonged duration of surgery (catheters 
inserted for this reason should be removed in PACU) 
e Patients anticipated to receive large-volume infusions or 
diuretics during surgery 
= Need for intraoperative monitoring of urinary output 
e To assist in healing of open sacral or perineal wounds in 
incontinent patients 
e Patient requires prolonged immobilization (e.g., poten- 
tially unstable thoracic or lumbar spine, multiple traumatic 
injuries such as pelvic fractures) 
e To improve comfort for end-of-life care if needed 


B. Examples of Inappropriate uses of Indwelling 
Catheters 


e As a substitute for nursing care of the patient or resident 
with incontinence 

e As a means of obtaining urine for culture or other diagnos- 
tic tests when the patient can voluntarily void 

e For prolonged postoperative duration without appropriate 
indications (e.g., structural repair of urethra or contiguous 
structures, prolonged effect of epidural anesthesia, etc.) 


Gould CV, Umscheid CA, Agarwal RK, et al. Guideline for prevention of catheter- 
associated urinary tract infections 2009. Infect Control Hosp Epidemiol. 
2010;31:319. 


by Regev-Shoshani et al. (2010), it was shown that cath- 
eters impregnated with nitric oxide decreased the incidence 
of formation of Escherichia coli biofilms on catheters. In a 
Cochrane review by Schumm and Lam (2008), silver alloy- 
impregnated catheters statistically decreased asymptomatic 
bacteriuria in patients who were catheterized for 1 week or 
less. Also, catheters impregnated with minocycline, rifampi- 
cin, and nitrofurazone were found to decrease asymptomatic 
bacteriuria in patients catheterized for 1 week or less. There 
were no types of catheters that decreased urinary tract 
infections after 1 week, and no studies found any catheters 
that actually decreased symptomatic urinary tract infection. 

Other problems with prolonged use of transurethral 
catheters include periurethral discomfort and irritation of 
the trigone, against which the balloon rests. Once the cath- 
eter is removed, repeated catheterization is needed if the 
patient does not void spontaneously. 

Indwelling urethral catheters are generally contrain- 
dicated for long-term control of urinary incontinence in 
women. The Omnibus Reconciliation Act of 1987 list three 
acceptable indications: 

e Retention (leading to problems) that cannot be sur- 
gically corrected or managed with intermittent 
self-catheterization 

e Prevention of contamination of skin wounds with urine 

e The care of impaired or terminally ill patients for 
whom bedding and clothing changes are disruptive 

The risks of long-term urethral catheterization include 
chronic urinary tract infection, urethral abscess and fistula, 
bladder stones, bladder spasms, bladder neck erosion, leak- 
age around the catheter, and blockage caused by calcium 
encrustation. 

An infrequent complication from transurethral catheteriza- 
tion may occur when there is difficulty removing the catheter 
from the bladder. This may occur because of encrustation, 
entrapment by sutures, or inability to deflate the balloon. Rea- 
sons for inability to deflate the balloon include problems with 
the valve mechanism, crystallization of the balloon, or prob- 
lems with the balloon channel. If this occurs, the first thing to 
do is try to inflate the catheter balloon with an additional 1 to 
2mL of fluid; if this does not work, then the balloon port may 
be cut; if the port is the problem, this will allow the balloon to 
empty its contents. If the balloon continues to remain inflated, 
there is a problem with the inflation lumen of the catheter; 
therefore a surgical steel wire or the stiff end of a guide wire 
should be inserted along the valve inflation lumen and be used 
to perforate the balloon. If these maneuvers do not work, 
ultrasound-guided needle perforation through the vagina or 
suprapubically may be performed using a spinal needle. 


Suprapubic Catheterization 


Hodgkinson and Hodari (1966) demonstrated a lower inci- 
dence of bacteriuria and shorter time to reestablish normal 
voiding with suprapubic bladder drainage, compared to 
transurethral drainage, after surgical procedures for inconti- 
nence. Other studies have supported these findings. Supra- 
pubic catheters have been shown to decrease urethral injury 
and stricture with long-term use compared with transure- 
thral catheterization and have similar rates of upper tract 
injury and bladder calculi. Suprapubic catheters also improve 
patient comfort and ease of nursing care. However, there 
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are few data comparing suprapubic catheters with urethral 
catheters with respect to quality of life and user preference. 
These catheters allow patients to control voiding, and they 
eliminate the need for transurethral catheterizations to check 
postvoid residual urine volumes. This makes them preferable 
for longer-term (more than a few days) use and for use in 
patients in whom postoperative retention is expected, such 
as the elderly. Suprapubic tubes are used less frequently than 
in the past because of their invasive nature and because most 
patients who undergo prolapse and incontinence surgery gen- 
erally do not need a catheter for longer than 72 h. See Fig. 
43.1 for a list of common types of catheters available. 

As with transurethral drainage, the main problem with 
suprapubic catheterization is infection, but to a lesser 
degree. When suprapubic tubes were used for long-term 
drainage in patients with spinal cord injuries, 51% developed 
infections and 100% had asymptomatic bacteriuria. How- 
ever, in additional studies and meta-analyses there seems 
to be lower risk for infection from suprapubic tubes ver- 
sus transurethral catheters. There are other risks associated 
with suprapubic catheter use. Urinary deposits and blood 
clots may obstruct the smaller-caliber catheters, necessi- 
tating frequent irrigation. The invasive nature of insertion 
can lead to rare complications such as hematuria, celluli- 
tis, bowel injury, urine extravasation, and catheter fracture. 
However, suprapubic catheters can be useful in patients 
who undergo gynecologic procedures that require long-term 
bladder drainage. In a recent case series, suprapubic cath- 
eters were placed in patients who underwent surgery for 
stress incontinence using mid-urethral slings. These patients 
were able to measure their voiding function and conduct 
voiding trials at home, which was convenient and time sav- 
ing for the patients. In a randomized double-blind trial by 
Rogers et al. (2004), it was suggested that prophylaxis with 
nitrofurantoin until the catheter was removed decreased 
the rate of positive urine cultures, without selection for 
resistant organisms; however, after 6 weeks postoperatively 


there was no difference between groups who took antibiot- 
ics and groups who did not take antibiotics. 

Contraindications to suprapubic insertion, especially 
closed insertion, include extensive abdominal adhesions from 
previous surgeries, ventral hernia, extensive intraoperative 
bladder reconstruction, carcinoma of the bladder, and post- 
operative anticoagulation therapy. Despite these potential 
problems, suprapubic catheters are preferred to transurethral 
catheters when prolonged drainage is anticipated or when sig- 
nificant dissection around the urethra has been performed. 

In a recent systematic review and meta-analysis by 
Healy et al. (2012), it was found that suprapubic catheter- 
ization significantly reduces postoperative urinary tract 
infections, although there was increased risk of iatrogenic 
injury and catheter-associated complications. 

Suprapubic catheters can be inserted using an open or 
closed technique. Cystotomy into the bladder dome under 
direct visualization is the safest method. It is preferred when 
distension of the bladder is difficult, when gross hematu- 
ria is present, when there has been a recent cystotomy, or 
in the presence of gynecologic malignancy. To perform this 
procedure, the bladder is filled with saline. A stab incision is 
made through the skin above or below the surgical incision 
(the suprapubic catheter incision should be separate from the 
surgical incision) with a scalpel. The catheter and introducer 
are passed through the skin, muscle, and fascia. The bladder is 
then punctured through the dome, taking care to avoid large 
vessels. The catheter is advanced through the sheath or over 
the needle guide, which is simultaneously withdrawn. Efflux 
of urine or saline should be ensured. If the catheter has a bal- 
loon, it is inflated. The catheter is sutured in place on the skin. 

Closed insertion can be performed using a variety of 
catheters, including an ordinary Foley catheter through an 
introducer, when there is no abdominal incision. To insert a 
catheter, the surgeon should place the patient in the Tren- 
delenburg position and fill the bladder through a transurethral 
catheter or cystoscope with at least 400 to 500 mL sterile 


FIGURE 43.1 Common types of 
catheters and catheter systems 
used during and after surgical pro- 
cedures. A, B, Kendall Seamless™ 
Robinson Plastic Urethral Catheters 
12 F, 18 F. C, Cook® Stamey Per- 
cutaneous Suprapubic Catheter set. 
D, Bard® Suprapubic Introducer 
Foley Catheter Set. E, BD Bonanno™ 
Suprapubic Bladder Drainage Cath- 
eter. F, G, Kendall Dover* 100% 
Silicone Foley Catheter 16 F, 18 F. 
H, Kendall Dover™ 3-Way 100% 
= Silicone Foley Catheter. 
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FIGURE 43.2 Typical method of insertion of a suprapubic catheter. A, Insertion of suprapubic Cystocath catheter via trocar. B, Withdrawal of 
trocar with insertion of pig-tail catheter. Inset, Mallecot type of catheter tip. C, Catheter sutured to skin. 


saline or water until the bladder is easily palpable abdominally. 
This positioning helps ensure that no bowel lies between the 
bladder and the anterior abdominal wall. After the usual skin 
prepping, the needle or trocar should be inserted through the 
skin and fascia into the bladder, at a point no more than 3cm 
above the pubic symphysis and at an angle, directed down- 
ward toward the pubic symphysis (Fig. 43.2A). The trocar or 
needle is removed and the catheter secured (Fig. 43.2B,C). 
The transurethral catheter is then removed. Correct place- 
ment can be verified with a cystoscope. 


Intermittent Self-Catheterization 


The technique of clean, intermittent self-catheterization 
(ISC) was evaluated initially by Lapides et al. (1972) in 


patients with incontinence or voiding dysfunction because 
of neurogenic bladder disease. ISC allows the patient to 
insert a short plastic catheter into the urethra as needed to 
empty the bladder. Studies suggest that women using ISC 
after hysterectomy had lower bacteriuria rates than women 
with a transurethral Foley. 

The rationale for nonsterile, clean ISC is based on the 
theory that functional abnormalities of the lower urinary 
tract lead to infection. Decreased blood flow, resulting from 
overdistension, is cited as one of the most common causes. 
The benefits of eliminating overdistension outweigh the 
disadvantages of intermittent insertion of a nonsterile cath- 
eter. Each catheterization event carries a 3% to 4% infec- 
tion rate, and bacteriuria occurs in most patients within 2 
to 3 weeks. Despite this, clinical studies of ISC have shown 
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FIGURE 43.3 Illustration of self-catheterization for patient instruction. 


its safety with long-term follow-up in children with neuro- 
genic bladder dysfunction. Ninety percent of these children 
were free of major kidney infection after 10 years, despite 
a 56% rate of intermittent bacteriuria. Since then, ISC has 
been evaluated in patients with spinal cord injury and mul- 
tiple sclerosis. A recent review of ISC in spinal cord patients 
suggests that prophylactic antibiotics should only be used 
for a short time during the initiation of ISC. Elderly per- 
sons have experienced infection rates of up to 12.5% per 
year with ISC. The frequency of catheterization is the most 
important factor as far as prevention of infection. There 
is no difference in colonization or infection rates between 
sterile catheters and clean catheters. Meatal cleansing offers 
no advantage either. 

The complication rate for postoperative use of ISC 
should be lower because it is seldom used longer than 
6weeks. ISC can be started immediately postoperatively, 
or a Foley catheter can be used for the first 24 h. In order 
to use ISC the patient must have the manual dexterity and 
mental ability to perform catheterization alone. The blad- 
der capacity should be at least 100 mL. Complications other 
than infection are rare; they include retention of the cath- 
eter and perforation of the urethra to create a false passage. 
A recent Cochrane review by Moore et al. (2007) found 
little evidence to suggest that the incidence of urinary tract 
infections is affected by sterile, single-use, clean reused, or 
coated catheters. 

The technique of ISC can be taught to patients preop- 
eratively or postoperatively by direct demonstration (Fig. 
43.3 and Box 43.2). The patient should be supplied with 
a device to measure urine and with short plastic or rubber 
catheters. There are newer hydrophilic low-friction cathe- 
ters that may be more comfortable than the standard plastic 
catheters. Patients should be instructed to carry catheters at 
all times, with separate containers for clean and used cath- 
eters. Home sterilization with a microwave oven has been 
described, but whether this technique is of any clinical sig- 
nificance in preventing bacteriuria and infection remains to 
be shown. Catheterization can be performed anywhere, and 
the importance of emptying the bladder often enough to 
keep the urine volumes obtained less than 400 to 500 mL 
should be stressed to the patient. 


1. Wash your hands with soap and water. 
2. Use a clean (soap and water) catheter, with water-soluble 
lubricant if needed. 


3. Attempt to empty your bladder before catheterization. 

4. Position yourself lying in bed or straddling a toilet. 

5. Spread the labia with the fourth and index fingers of one 
hand and use the middle finger to locate the urethra. 

6. Insert the catheter 1 to 2inches and drain until all urine 
flow stops. 

7. Measure and record the amount of urine (“residual”) 
obtained. 


Most patients catheterize every 3 to 4 h and then as 
needed during the night. The need to catheterize should 
take priority over the availability of soap and water. The 
urethra does not need to be cleansed before catheterization. 
Voiding should be attempted before every catheterization, 
and the residual urine volume measured and recorded, if 
possible. When residual volumes are consistently less than 
20% of the total voided volume, ISC can be stopped. Pro- 
phylactic antibiotics can be given, if desired, for short peri- 
ods of ISC, although equivocal benefit has been shown in 
patients using ISC for a long time. 


Voiding Trials after Surgery 


It is common to have postoperative voiding dysfunction 
after prolapse or incontinence surgery. It is estimated that 
3% to 40% of patients who undergo urogynecologic proce- 
dures will have postoperative voiding dysfunction. There 
are many factors contributing to voiding dysfunction post- 
operatively, including type of anesthesia used during the 
surgery, type of surgery, analgesia used, and fluid status of 
the patient. There have been several retrospective studies 
that have analyzed preoperative risk factors. In a prospec- 
tive study by Kim et al. (2012), the risk factors of age, 
parity, and concomitant cystocele repair appear to increase 
risk of voiding dysfunction after mid-urethral sling surgery. 

In order to establish if patients have return of voiding 
function after surgery, it is common to have the patient per- 
form a voiding trial. There are many different methods to 
perform voiding trials. One technique is to retrograde fill 
the patient’s bladder with normal saline or sterile water, 
remove the catheter, and have the patient void. The voided 
amount is measured and if the patient can void more than 
50% of the fluid placed in the bladder, he or she can remain 
catheter-free. This method has been found to have 94.4% 
sensitivity and 58.1% specificity for predicting voiding dys- 
function. An alternate process is to remove the catheter, 
allow the patient to naturally fill his or her bladder, and then 
have the patient spontaneously void. Once the patient has 
urinated, the residual urine in the bladder can be measured 
via straight catheterization or bladder scanner. This method 
has been found to have 100% sensitivity and 25.8% specific- 
ity to determine voiding dysfunction. 

Postoperative patients who have their urinary catheters 
removed are at significant risk of having or soon developing 
cystitis. Several strategies, in addition to simple observation, 
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can be used to address this problem. A urinalysis can be 
done and, if positive, cultures sent or empiric short-course 
antibiotics given. A study in hospitalized patients who 
underwent short-term urinary catheterization suggested 
that they might benefit from antimicrobial prophylaxis 
when the catheter is removed, as the patients given antimi- 
crobial prophylaxis experienced fewer subsequent urinary 
tract infections (Marschall et al., 2013). This concept was 
also supported by a recent Cochrane review (Lusardi et al., 


2013). 


General Catheter Care 


A Foley catheter inserted transurethrally after uncompli- 
cated surgical procedures can be removed on the first post- 
operative day. If the patient has difficulty voiding, the Foley 
may be replaced or intermittent catheterization can be used 
until normal voiding is established. 

When a suprapubic catheter is used, some hematuria 
on the first day is common. Narrow-diameter catheters 
may require periodic irrigation to remove blood clots. 
The catheter is left to straight drainage until the patient 
is able to get up and begin voiding trials. The catheter is 
clamped and the patient allowed to void with the cath- 
eter clamped at least once every 2 to 4 h. If the patient 
cannot void, the clamp is opened, the bladder drained, 
and the catheter reclamped until the next voiding trial. 
If the patient seems to be voiding well, a postvoid resid- 
ual volume can be obtained by unclamping the tube for 
15 min after a voiding episode and measuring the amount 
of urine obtained. The catheter can be left open overnight 
for convenience. When the residual volume is less than 
20% to 50% of the total voided volume, the catheter can 
be removed. If voiding trials are unsuccessful, the patient 
should be discharged with the catheter and given written 
instructions and diary forms to continue the voiding trials 
at home. The patient should follow up in the office a few 
days to 1 week later, or when the postvoid residual is less 


than 100 mL. 


Catheter and Drainage Bag Management 


In general, care of the drainage bag is similar for both 
suprapubic and transurethral catheters. The most common 
route of bacteria entry into the bladder is via ascension 
of bacterial biofilm along the tubing and the catheter. To 
prevent ascending infection, disconnection of the catheter 
and bag should be avoided. A bag with a urometer helps to 
break the urine column between the bag and catheter. The 
bag should be below the level of the bladder at all times, 
or lower than the bladder, and the drainage port should 
be kept clean. Prophylactic antibiotics are of no benefit 
in preventing colonization of the system and patients 
should not be treated for bacterial infection unless they 
are symptomatic. If patients are more mobile, they may 
be able to use a leg bag, which is a smaller catheter bag 
that attaches to the upper leg. Leg bags can hold less urine 
than the standard catheter bags and may necessitate more 
frequent drainage. If patients experience leakage around 
the catheter tubing, it may be because of bladder spasm. 
Treatment should include anticholinergics and pyridium 
for comfort. 


The ideal product should meet the following criteria: 

e It contains urine (and stool) completely and prevents 

leakage onto clothing, bedding, and furniture. 

e It is comfortable to wear and protects vulnerable skin from 

maceration, chafing, and pressure sores. 

e It is easy for the incontinent person to use. If this is not 
feasible because of physical or mental disability, it should 
be easy for a caregiver to use. 

It disguises or contains odor. 

It is inconspicuous under clothing, without bulk or noise. 
It is easy to dispose of or clean, as required. 

It is reasonably priced and readily available. 


Jeter KF, Faller N, Norton C, eds. Nursing for Continence. Philadelphia: WB 
Saunders; 1990:210. 


Urine Loss Appliances 
Absorptive Products 


Patients whose incontinence is not correctable with bladder 
training, physical therapy, medical therapy, or surgical ther- 
apy have a variety of choices for protective options. These 
choices range from shields resembling ordinary sanitary 
pads to disposable briefs to washable garments designed 
to hold pads, as well as menstrual sanitary pads. Absorbent 
products that are disposable are the most commonly used 
devices for incontinence. Absorbent products are made of 
many different designs; however, they can be classified into 
two general groups: products used for “light” bladder con- 
trol and products used for “moderate” or “heavy” inconti- 
nence. The Cochrane Review of available randomized trials 
in 2008 noted that there are significant and substantial dif- 
ferences between the designs of absorbent products, and 
that a blanket policy of using washable garments alone is not 
recommended for patients with moderate to heavy leakage. 
The review also found that women prefer “pull-up” type 
protective garments; however, these are more expensive 
than inserts. The selection of products should be based on 
the individual patient fit, skin condition, patient’s ability to 
use the product independently, convenience to caregivers, 
volume of leakage, living situation, and financial consider- 
ations (Box 43.3). Selection of products may also be related 
to type of incontinence. Women with overactive bladder 
spend more money on pads than women with stress urinary 
incontinence. 

Multiple different brands of disposable shields are avail- 
able. These are shaped like sanitary pads but contain a pow- 
der (such as sodium polyacrylate) and a fluffed cellulose 
wood pulp that absorbs liquid to form a gel, thus preventing 
clothing wetness. They are available in different absorben- 
cies and are ideal for patients who experience small amounts 
of urine loss (e.g., only with exercise). Specially made, reus- 
able panties that hold disposable pads or shields snugly 
against the perineum are available. Use of super-absorbent 
material is associated with less leakage; however, no product 
is currently leak-proof. 

Disposable fitted briefs are suitable for moderate to heavy 
leaking and are available in a variety of absorbencies. Under- 
garments are less bulky than fitted briefs because they do 


not wrap around the hips. They are held in place with front- 
to-back reusable elastic straps or adhesive panels. For severe 
incontinence, rubber and vinyl underpants to wear over 
regular underpants, as well as reusable, washable absorbent 
underpants with waterproof outer barriers, are available. 
Quality of life with regard to women who use these 
products is an important factor. In a qualitative analysis 
of 99 women with light incontinence, pad use and “treat- 
ment effects” were measured in the context of quality of 
life (Gertliffe et al., 2007). Five subthemes were developed 
in this study for pad characteristics that were important for 
use: the ability of the pad to hold urine, to contain smell, 
and to stay in place; discreteness; and comfort when wet. In 
this study, high levels of anxiety were associated with lack of 
integrity of pads with regard to the five subthemes. 
Consideration should also be given to use of products to 
clean, moisturize, and protect skin from urine. Incontinence- 
associated dermatitis is an inflammation of the perineal skin 
that occurs when urine or stool comes into contact with the 
skin. Perineal skin cleansing should be performed after each 
incontinence episode. Perineal skin in patients who have 
incontinence should be moisturized with humectants. Barrier 
lotions can be used that contain petroleum jelly or silicone. 
The National Association for Continence (Spartanburg, SC; 
http://www.nafc.org/online-store/consumer-booklets-and- 
kits/nafc-educational-booklets/resource-guide-products- 
and-services-for-incontinence/) publishes a Resource Guide 
of Continence Products and Services. This publication is 
cross-referenced by product categories and manufacturers 
and contains an index of mail and phone order information. 
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Introduction 


Outcome measures are the tools used to determine the 
efficacy, safety, and side effects of a treatment. Research- 
ers assess outcome measures before and after treatments in 
order to determine their relative efficacy. Clinicians can use 
outcome measures to track the success of their treatments 
and/or longitudinally to follow the outcomes of individual 
patients. Urinary incontinence, fecal incontinence, pelvic 
organ prolapse, and other pelvic floor disorders are multi- 
dimensional phenomena that can impact a patient in a wide 
variety of ways. They rarely result in severe morbidity or 
mortality; rather, they cause symptoms that can impact a 
woman’s daily activities and negatively affect her quality of 
life (QOL). No single measure can fully characterize the 
outcome of an intervention for these conditions. Therefore, 
outcomes of treatment should be evaluated in multiple 
areas or domains. A number of organizations, including the 
International Continence Society, International Urogyneco- 
logic Association, National Institute of Health (NIH), and 
World Health Organization (WHO) sponsored Interna- 
tional Consultation on Incontinence (ICI), have made rec- 
ommendations to standardize outcome measures in studies 
of pelvic floor disorders. In general, all agree on several basic 
principles: (1) outcome assessments should be made using 
the same measures before and after the intervention; (2) 
both subjective and objective measures should be included, 
incorporating improvements and deterioration in function 
as well as complications of the intervention; and (3) pelvic 
floor disorders should be assessed from multiple domains, 
including some or all of the following: 

e The subject’s observations (symptoms); 

e Quantification of symptoms; 

° The clinician’s observations (anatomic and functional); 

e Quality of life; 

e Socioeconomic measures. 

In particular, patient reported outcomes (PROs) have 
been increasingly incorporated into the practice and study 
of pelvic floor disorders. Because of the nature of these dis- 
orders, inclusion of the patient’s perspective is essential. 
PROs measure patient perceptions at four levels of increas- 
ing complexity: symptoms, functioning, general health per- 
ceptions, and health-related quality of life (HRQOL). 
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A good outcome measure should be valid, reliable, simple 
to implement, easy to interpret, and able to detect clinically 
meaningful change. When planning a study, outcome mea- 
sures should be selected within the context of the specific 
study’s hypothesis or goal. In general, they should be chosen 
so that they will be clinically relevant and so the results may 
be incorporated into practice at the end of the study. For 
a clinical trial, researchers will typically define a primary 
outcome and several secondary outcomes. The primary out- 
come is of central interest and should be tied directly to the 
study’s primary hypothesis. It is the primary outcome that 
is used for sample size determination. Secondary outcomes 
are the remaining outcome measures being assessed in the 
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study. They are not the focus of the main study objective, 
but provide additional data that is complementary to the 
primary outcome measure. Because of the desire to assess 
pelvic floor disorders in multiple domains, typically there 
are several secondary outcomes measures used in studies of 
these conditions. 

In this chapter, many of the currently available outcome 
measures available to clinicians and researchers to assess 
the outcomes of treatment for pelvic floor disorders will 
be reviewed including symptom diaries, pad tests, physical 
examination, physiologic tests, such as urodynamics, symp- 
tom severity or bother questionnaires, QOL questionnaires, 
and socioeconomic measures. The chapter will conclude by 
discussing the current challenges and recommendations for 
defining treatment success in patients with urinary inconti- 
nence and pelvic organ prolapse. 


Symptom Diaries 


Physicians often attempt to determine the presence and 
severity of a patient’s symptoms by history-taking or admin- 
istering a questionnaire. These methods depend upon the 
patient’s ability to accurately recall and report their recent 
health experiences. Research has shown, however, that recall 
is often unreliable and can result in inaccuracies and bias. For 
instance, in one study, more than half of the women over- 
estimated their daytime urinary frequency when compared 
with a bladder diary. The use of symptom diaries has been 
advocated in order to limit recall bias by capturing experi- 
ences prospectively close to or at the time of occurrence. 
The bladder or urinary diary is perhaps the most common 
outcome measure used in studies of urinary incontinence 
and other forms of lower urinary tract dysfunction. It is also 
a useful clinical tool (see Chapters 9 and 14). In its simplest 
form, a patient is asked to prospectively record the time and 
number of voluntary voids and incontinence episodes over a 
specified period of time, usually 1 to 7 days. In more com- 
plex forms, a subject may be asked to record pad usage, type 
and amount of fluid intake, voided volumes, the frequency 
and severity of urinary urgency, and/or activities that occur 
in relation to their lower urinary tract symptoms. Subjects 
are also often asked to record the time that they go to bed 
and the time they awaken in order to distinguish daytime 
from nighttime symptoms. For research studies of urinary 
incontinence, the National Institute of Health (NIH) rec- 
ommends a 3-day bladder diary that records and reports, at 
a minimum, pad usage, urinary incontinence episodes, and 
voiding frequency. Diaries in which patients are asked to 
report fluid intake and record voided volume using a gradu- 
ated toilet insert are often called frequency-volume charts. 
Although more cumbersome for patients, frequency-volume 
charts provide a significant amount of additional data about 
lower urinary tract function not available in simpler blad- 
der diaries, including average daily fluid intake, total daily 
voided volume, mean voided volume, largest single void 
(functional bladder capacity), and daytime and nighttime 
voided volumes. Although diaries have been used primar- 
ily as an outcome measure for studies of urinary symptoms 
in the gynecology and urology literature, symptom diaries 
are used extensively in many areas of clinical research as 
well. For instance, they have been used frequently in stud- 
ies of bowel dysfunction to record the frequency of bowel 


movements, fecal incontinence episodes, etc. Similarly, pain 
diaries are a standard outcome measure in studies of acute 
and chronic pain management. 

The accuracy of symptom diaries depends upon the 
subject’s ability to follow instructions. The circumstances 
under which a diary is kept should approximate everyday 
life, and should be similar before and after the intervention 
in order to allow for meaningful comparison. Reproducibil- 
ity depends upon the nature of the diary and the parameters 
being measured. In general, the reproducibility of symptom 
diaries improves as the duration of self-reporting increases. 
However, as diary duration increases, patient compliance 
tends to decrease. The most appropriate duration for blad- 
der diaries has not been established. Although some have 
advocated the use of a single 24-h diary, the reliability of 
diaries using this short duration is poor, limiting its use 
in research. The most commonly used duration is 7 days. 
Studies have demonstrated a high reliability for inconti- 
nence episodes, urinary frequency, urgency, and nocturic 
episodes in both men and women with either stress inconti- 
nence or overactive bladder (OAB) with this diary duration. 
In women with stress incontinence, a 3-day diary appears 
to have similar reproducibility as a 7-day dairy with regard 
to number of incontinence episodes and voiding frequency. 
Similarly, in patients with OAB, the reliability of urge incon- 
tinence episodes, urgency episodes, daytime and nighttime 
frequency was adequate for a 3-day diary, but not as good 
as a 7-day diary. A recent survey of clinicians and patients 
suggests that 4 days is the optimal diary duration. As men- 
tioned, the NIH recommends a dairy duration of at least 
3 days for the evaluation of lower urinary tract symptoms. 

The primary strength of symptoms diaries, at least in 
theory, is that they avoid the biases and inaccuracies of 
memory recall and record a subject’s symptoms in their 
normal day-to-day environment. There is evidence, how- 
ever, that many patients may not actually complete their 
diary prospectively. In a study of adults with chronic pain 
by Stone et al. (2003), subjects were asked to complete a 
pain diary for 21 consecutive days. Each of these “paper 
and pen” diaries was fitted with an unobtrusive photosen- 
sor that detected light and recorded when the diary was 
opened and closed. Subjects were asked to record their pain 
at three set time periods each day and were not informed 
of the presence of the photosensor. At the end of the study, 
subjects reported a greater than 90% compliance with the 
diary, however, the photosensor revealed that only 11% of 
subjects had filled out their diaries at the prescribed times. 
For most subjects, the records were marked by long periods, 
from days to weeks, when the diary was not opened, even 
though entries were made for those days when the diary 
was turned in at the end of the study, suggesting that sub- 
jects frequently backfilled their diary to complete missing 
days. Such backfilling is particularly subject to retrospective 
biases. In this study, a parallel group of patients were given 
computer diaries that prompted them to complete their 
diary at the specified times and 94% true compliance was 
noted in this group, suggesting an advantage of computer 
diaries over paper ones. However, such computer prompt- 
ing would not be useful for recording spontaneous events 
like voiding or incontinence episodes. In spite of this con- 
cern about retrospective completion of symptom diaries, 
they remain an important outcome measure in the study 
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of pelvic floor disorders because of their widespread use, 
general acceptance, and proven reproducibility, particularly 
for studying lower urinary tract dysfunction. When using 
a bladder diary or similar symptom diary in a study, time 
should be spent instructing the subject in the proper use of 
the diary and the importance of completing the diary in a 
prospective manner. 

Another strength of symptom diaries is that they pro- 
vide information on symptom frequency and, in some cases, 
severity in a way that is quantifiable. This is particularly 
useful in studies of an intervention in which patients are 
not commonly “cured,” but may show an improvement in 
symptoms, such as studies of medical or behavioral therapy 
for urinary incontinence. In fact, bladder diaries are the 
most common primary outcome measure used in studies of 
this type. Furthermore, outcome measures that are continu- 
ous variables tend to provide greater statistical power than 
a dichotomous variable, so using a variable from a bladder 
diary, such as number of incontinence episodes per week 
rather than a dichotomous outcome such as “cure/failure,” 
will usually allow for a smaller study sample size. An addi- 
tional strength of bladder diaries in particular is that normal 
population values for variables like voiding frequency, mean 
voided volume, and daytime and nighttime urine output 
have been published, providing useful reference values for 
defining study populations and estimating treatment goals. 

In addition to the possibility that symptom diaries may 
not always be completed contemporaneously, another 
potential weakness of this outcome tool is a lower patient 
compliance with completing symptom diaries when com- 
pared to simpler measures like questionnaires. In large phar- 
maceutical trials in which subjects are carefully selected and 
often financially compensated to participate, compliance 
with symptom diaries is typically high, often over 90%. In 
smaller less funded studies, patient compliance with symp- 
tom diaries can be poor. Singh et al. (2004) prospectively 
studied 107 women who underwent pubovaginal slings. 
They used the Simplified Urinary Incontinence Outcome 
Score, a composite outcome that combines the results of 
a questionnaire, 24-h pad test, and a 24-h bladder diary 
into a single score, as their primary outcome. Although all 
patients completed the questionnaire postoperatively, only 
52% completed the symptom diary and/or the pad test even 
after repeated telephone contacts, reducing the number of 
subjects in whom the primary outcome was available to 
half the original study population. When considering using 
a symptom diary as an outcome measure, the advantages 
of this tool must be weighed against the possibility of poor 
patient compliance. 

Another important consideration when using a bladder 
diary as an outcome measure is the therapeutic effect that 
dairy completion in itself may have on lower urinary tract 
function. As described in Chapter 14, bladder retraining 
using diaries are an effective intervention for both stress and 
urge urinary incontinence (UUI). Several authors have sug- 
gested that the high improvement rates seen in the placebo 
groups in pharmaceutical trials of OAB and other similar 
trials (often greater than 40%) are due, in part, to a “bladder 
retraining effect” that occurs just by using diaries through- 
out the trial. Some studies suggest that this effect can occur 
as early as 4 days after starting diary use. When using a blad- 
der diary to evaluate the effect of an intervention, the only 


certain way of accounting for the therapeutic effect of the 
diary itself is to include a control group in the study. 

In recent years, there has been increased interest in 
electronic diaries. Electronic diaries have several advan- 
tages over patient diaries, including the ability to automati- 
cally calculate various parameters, the ability to remind or 
prompt patients to complete the diary input, and the ability 
to record the exact time of data entry. Also, patients tend 
to prefer electronic over paper entry. Disadvantages of elec- 
tronic diaries include the cost and concerns that the pres- 
ence of a device that may include reminders may distort the 
diary results. One study found that women recorded more 
voids on an electronic diary than a paper diary; whether this 
is a bias of the electronic or paper diary is not clear. 


Pad Testing 


Pad testing attempts to objectively quantify the volume 
of urine loss by weighing a perineal pad before and after a 
specified time and/or group of activities. It is currently the 
only incontinence severity measure that captures the actual 
volume of leakage. Pad testing also has been used to attempt 
to distinguish continent from incontinent women. Numer- 
ous pad test protocols have been described, but, in general, 
they can be divided into short-term and long-term tests. 
The short-term pad tests each ask subjects to perform a 
set of standardized provocative maneuvers in the office that, 
depending upon the protocol, can last from 10 min to 2 h. 
In an attempt to standardize bladder volumes, most short- 
term pad tests specify that subjects either start the pad test 
with a symptomatically full bladder, drink a standardized 
volume of liquid, or have a standard volume of fluid instilled 
in the bladder prior to the test. A pre-weighed pad is then 
worn while performing a pre-defined group of activities that 
typically includes such things as walking, climbing stairs, 
jumping, bending, coughing, and washing hands over a spec- 
ified period of time. The volume of urine loss is obtained by 
weighing the pad at the completion of the test. For short- 
term tests, a change in pad weight of >1 g is considered pos- 
itive. When using a short-term pad test as a study outcome, 
the specific protocol used should be described. In 1983, the 
International Continence Society (ICS) recommended the 
l-h pad test described in Box 44.1 in an attempt to stan- 
dardize this outcome measure across studies. Compared to 
long-term tests, short-term pad tests are easy, quick, and 
patient compliance can be directly monitored. Because of 
this, they are used frequently in clinical trials. However, 
a significant disadvantage of short-term pad tests is that 
they lack authenticity. These office tests do not necessar- 
ily reproduce the activities or situations that result in urine 
loss in a patient’s everyday life. In fact, some patients may 
not be physically capable of completing all of the prescribed 
activities in the protocol. Another limitation of short-term 
pad tests is their poor test-retest reliability. Although some 
studies have demonstrated good correlation between short- 
term pad tests performed in the same subject on two sep- 
arate occasions, many have found poor repeatability with 
this test. Lose et al. (1988) demonstrated differences of up 
to 24 g between two test results in the same subject 1 to 
15 days apart using the ICS l-h pad test, and concluded 
that this test is not precise enough to allow reliable quantita- 
tion of urinary incontinence. This variation within subjects 
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e Test is started without the patient voiding. 

Pre-weighed pad is put on and the first 1-h test period 
begins. 

Subject drinks 500 mL sodium-free liquid within a short 
period (maximum 15 min), then sits or rests. 

Half-hour period: subject walks, including stair-climbing 
equivalent to one flight up and down. 

During the remaining period, the subject performs the follow- 
ing activities: 

e Standing up from sitting, 10 times; 

e Coughing vigorously, 10 times; 

e Running on the spot for 1 min; 

e Bending to pick up small object from floor, five times; 

e Wash hands in running water for 1 min. 

At the end of the 1-h test, the pad is removed and weighed. 
If the test is regarded as representative, the subject voids and 
the volume is recorded. 

Otherwise, the test is repeated, preferably without voiding. 


From Abrams P, Blavis JG, Stanton SL, Anderson JT. The standardisation of ter- 
minology of lower urinary tract function. The International Continence Society 
Committee on Standardisation of Terminology. Scand J urol Nephrol Suppl. 
1988;114:5). 


is largely attributable to differences in bladder volumes at 
the time of the test and protocols that standardize pre-test 
bladder volumes tend to have higher reliability. 

Long-term pad tests are performed by giving a patient sev- 
eral pre-weighed pads to take home and wear for 24 to 48 h. 
Patients are encouraged to mimic their regular daily activities 
and change the pads as they wish during the study period. 
Subjects should be instructed to place the pads in a sealed 
plastic bag after use in order to avoid evaporation. Afterward, 
pads are mailed to the clinic to be weighed on a precision 
scale to determine the total urine loss over the specified time 
period. Studies have shown, as long as sealed bags are used, 
that evaporation loss is minimal for up to 2 weeks. A bladder 
diary is often completed concurrently with the pad test to pro- 
vide a comprehensive lower urinary tract evaluation. Changes 
in pad weights up to 7 g/24 h can be seen in healthy conti- 
nent women, so values less than this should be considered 
insignificant. The primary advantage of long-term pad tests is 
that their results reflect everyday life. Also, the reproducibil- 
ity of long-term tests is generally higher than short-term pad 
tests. Increasing the duration of the test from 24 h to 48-72 h 
increases the reliability further, but decreases patient com- 
pliance. Not surprisingly, the compliance with long-term pad 
tests varies considerably from study to study. As with bladder 
diaries, in large trials in which patients are carefully selected 
and are compensated for study participation, compliance 
with long-term pad tests tends to be high, while in smaller, 
less funded studies, compliance is often lower. 


Anatomic Outcomes 
Physical Examination 


Outcome measures that assess changes in anatomy have an 
essential role in studies of pelvic floor disorders, particularly 


pelvic organ prolapse. Anatomic outcomes can be assessed 
by physical examination or radiographic studies. Currently, 
the presence and magnitude of pelvic organ prolapse is 
determined by physical examination. Although imaging 
studies have a role in evaluating women with prolapse, and 
may, in fact, be more accurate in determining which organs 
are involved in prolapse, the current lack of standardization, 
validation, and universal availability precludes their use as 
the “gold standard” for evaluating pelvic organ support. 

Accurately evaluating the anatomic effects of prolapse 
surgery requires a standardized, reliable, validated, and 
reproducible system for describing the topographic anatomy 
of the pelvic floor and vaginal support. The Pelvic Organ Pro- 
lapse Quantitation (POPQ) system was introduced in 1996 
jointly by the Society of Gynecologic Surgeons, the Ameri- 
can Urogynecologic Society, and the ICS as the accepted 
method for describing pelvic support and comparing exami- 
nations over time and after interventions. This system has 
since been similarly adopted by the NIH, the International 
Urogynecologic Association, and the World Health Organi- 
zation’s International Consultation on Incontinence. Details 
of the POPQ system can be found in Chapter 8. This pro- 
lapse grading system has been shown to have good inter- and 
intra-examiner reproducibility in a number of studies in the 
United States and Europe and, while other prolapse grading 
systems are still used by some, POPQ has become the most 
commonly used system in the peer-review literature. 

In addition to its wide-spread adoption and proven 
reproducibility, another advantage of the POPQ system is 
its relative precision (nine site-specific measurements in 
l-cm increments), which has allowed an improved under- 
standing of the relationship between the anatomic charac- 
teristics of pelvic organ prolapse and the development of 
specific pelvic floor symptoms. Disadvantages include its 
relative complexity and the exclusion of some anatomic 
findings that some investigators believe to be essential for 
complete patient description, such as vaginal caliber, sta- 
tus of paravaginal support, pelvic floor descent, and ure- 
thral mobility. When evaluating pelvic organ support in a 
study, investigators should perform a standardized evalua- 
tion including the POPQ before and after the intervention. 
Details of this evaluation should be reported, including the 
position in which the examination was performed, the full- 
ness of the bladder, the type of vaginal specula, retractors 
and measuring devices used, and the method used to ensure 
that the maximal extent of prolapse is seen. It is critical that 
the examiner sees and describes the maximum protrusion 
noted by the individual during her daily activities. Ideally, 
the examiner should not be the subject’s surgeon and should 
be blinded to the treatment assignment in order to limit 
observer bias. 

Other anatomic outcomes that are often assessed by 
physical examination include pelvic floor and anal sphincter 
muscle strength, for which several valid and reliable grading 
scales exist, and urethral mobility measurements using the 
cotton swab test, ultrasound, or similar system. 


Radiology 


Imaging techniques, including evacuation proctography or 
defacography, MRI (static and dynamic), and ultrasonogra- 
phy, can be used to assess anatomic outcomes in studies of 
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women with pelvic floor disorders. These techniques may 
provide a more accurate picture of the location, support, 
and integrity of the pelvic visceral structures than does a 
simple physical examination. The use of dynamic imag- 
ing techniques can provide functional as well as structural 
information about an individual subject and may be useful 
in providing insights into the pathogenesis of many pelvic 
floor disorders, including urinary incontinence, fecal incon- 
tinence, defecatory dysfunction, and pelvic organ prolapse. 
The relative cost and lack of standardization of these tech- 
niques currently limit their use in clinical practice, but they 
are being used with increasing frequency in research studies. 
Details of the various imaging studies that can be used to 
assess anatomic outcomes in the investigation of pelvic floor 
disorders, including their relative advantages and disadvan- 
tages, can be found in the previous chapters of this text. All 
research using imaging studies as an outcome should report: 
(1) the position of the patient; (2) specific verbal instruc- 
tions given to the patient; (3) bladder and bowel content 
including pre-study preparations; and (4) specifics details of 
the imaging technique and equipment. 


Physiologic Testing 


Physiologic testing attempts to describe or quantify the 
underlying function of the pelvic viscera and pelvic floor, 
often including an assessment of whether such function is 
normal or pathologic. Physiologic testing serves two prin- 
cipal roles in pelvic floor research: to describe subjects at 
study entry and to help define or understand treatment 
outcome. The most common physiologic test of the lower 
urinary tract is urodynamics. Physiologic tests of the lower 
gastrointestinal tract include anal manometry and colon 
transit studies. Other physiologic tests of the pelvic floor 
include such things as vaginal pressure transducers to mea- 
sure levator ani contraction strength and electromyography 
of the pelvic floor muscles and urinary and anal sphincters 
to evaluate neuromuscular function. In addition to defining 
subjects at baseline and evaluating treatment outcomes, the 
use of physiologic testing in pelvic floor research can pro- 
vide valuable insight into the underlying pathophysiology of 
the condition and into the mechanisms of treatment success 
or failure. Additionally, physiologic testing allows correla- 
tion between changes in symptoms and changes in physiol- 
ogy. The primary disadvantage of using physiologic tests in 
research is that they are often costly and time-consuming, 
and many can be uncomfortable for the patient. 
Historically, urodynamic testing was considered the “gold 
standard” treatment outcome for studies evaluating the 
treatment of urinary incontinence because it is one of the 
only means of objectively assessing lower urinary tract func- 
tion or dysfunction in incontinence patients. Unfortunately, 
few physiologic tests of pelvic floor function, including 
urodynamics, have undergone a rigorous evaluation of their 
reproducibility or validity. In 2009, a panel of international 
experts convened to evaluate the ability of urodynamics to 
improve or predict outcome of incontinence treatment con- 
cluded that, other than in children and in patients with neu- 
rogenic bladder, the evidence supporting each component 
of urodynamic testing and anal manometry was generally 
weak (grade C or D recommendations) and many compo- 
nents of the tests were considered investigational. Nygaard 


(2004) in a review for the International Foundation of Func- 
tional Gastrointestinal Diseases Consensus Conference on 
Advancing Treatment of Fecal and Urinary Incontinence 
concluded that more clinical evidence is needed to estab- 
lish the reproducibility of many components of urodynamic 
testing before the tests can be used as primary outcome 
measures in incontinence treatment studies. Recent clinical 
trial data suggest that multichannel urodynamics does not 
provide clinical benefit over basic office testing in patients 
with uncomplicated stress urinary incontinence (SUI) 
and that urodynamic parameters correlate poorly with 
outcomes. Thus, although physiologic outcome measures 
provide unique insight into pelvic floor function and are 
essential in explanatory trials, they should not be consid- 
ered the gold standard by which patient oriented outcomes 
are judged, but should instead constitute one element of a 
range of patient responses to therapy. When using physio- 
logic testing in pelvic floor research, investigators should use 
generally accepted standardized terminology and methods, 
such as those recommended by the ICS (see Appendices A 
and B) and/or NIH, whenever possible. 


Questionnaires 


Pelvic floor symptoms can be assessed in a number of ways. 
Obviously, taking a thorough clinical history is an important 
method of assessing a patient’s symptoms and their effect 
on daily life. However, in a situation in which a standard- 
ized, reproducible assessment is desired, clinical histories 
can be problematic, because they typically take on a dif- 
ferent form for each clinician and patient encounter. The 
most valid way of measuring the presence, severity, and 
impact of a symptom or condition on a patient’s activities 
and well-being is through the use of psychometrically robust 
self-administered questionnaires. An increasing number of 
questionnaires and other PROs for women with pelvic floor 
disorders are now available. Most are intended to evaluate 
lower urinary tract symptoms, but, over the last decade, 
questionnaires have been developed for women with fecal 
incontinence and pelvic organ prolapse. In general, the two 
most commonly used and clinically relevant categories of 
questionnaires are: (1) those that measure the presence of 
particular symptoms and their severity (symptom question- 
naires); (2) those that measure Quality of Life question- 
naires (QOL). Other types of questionnaires are available 
for women with pelvic floor disorders that include those 
that measure sexual function, pain, physical functioning, 
and surgical complications. 


Properties of a Good Questionnaire 


Questionnaire development is a complex process that is 
governed by the principles of psychometrics. Psychometrics 
is the science of the measurement of responses to phenom- 
ena that are not easily quantifiable. For a questionnaire to 
be useful in research or in practice, it must demonstrate 
three important psychometric properties: validity, reliabil- 
ity, and responsiveness. Put in the simplest terms, the valid- 
ity of a questionnaire is simply whether it measures what 
is intended. The reliability of a questionnaire refers to its 
ability to measure in a reproducible fashion. Responsive- 
ness refers to a questionnaire’s ability to reliably detect the 
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Table 44.1 Psychometric Properties of a Questionnaire 


Psychometric Property Description 
Validity 
Face validity Subjective assessment by an expert panel and/or patient focus group as to whether the instrument appears 


to measure what it intends to measure. 

Subjective assessment by an expert panel and/or patient focus group as to the extent that the domain of 
interest is comprehensively sampled by the questions in the instrument. 

An assessment as to whether the instrument has appropriate relationships with other variables or measures. 
That is, the instrument correlates or agrees with other tests or measures of the same construct (convergent 
validity) and has little or no correlation or agreement with measures of different constructs (discriminant 
or divergent validity). 

Extent to which an instrument correlates with an established criterion standard (or “gold standard”). For 
HRQOL questionnaires, no gold standard exists, thus, criterion validity cannot be assessed. Criterion 
validity is assessed for diagnostic and prognostic tests and other measures where an established criterion 
standard exists. 


Content validity 


Construct validity 


Criterion validity 


Reliabilit 
ier consistency The extent to which the items on a scale are related to one another; often assessed with the statistic Cron- 
bach’s alpha (values of >0.70 demonstrate adequate internal consistency). 

An assessment of the repeatability; the correlation between instrument scores on two separate occasions. 
Repeat measurements should be made far enough apart in time so earlier responses are forgotten, yet not 


so far apart that the construct being measured might have changed. 


Test-retest reliability 


Responsiveness 


Assessment as to whether the instrument can detect clinically meaningful change. Methods for assessing 
responsiveness can broadly be separated into groups: distribution-based methods that measure the rela- 
tive amount of change from baseline of an instrument after treatment (i.e., paired t-test, effect size) and 
anchor-based methods that compare the change in an instrument to some other measure that has clinical 
relevance (example: a 5-point improvement in IQOL score is associated with a 25% or greater decease in 
number of incontinence episodes on bladder diary). 


HRQOL = Health-Related Quality-of-Life. 
IQOL = Incontinence Quality-of-Life Questionnaire. 


overall effect of treatment and to detect clinically meaning- 
ful change. When studies have been performed to demon- 
strate that a particular questionnaire had good psychometric 
properties, that questionnaire is said to “validated.” Some 
important aspects of validity, reliability, and responsiveness 
that should be assessed when evaluating the psychometric 
properties of a questionnaire are listed in Table 44.1. Other 
characteristics that are desirable in a questionnaire include 
being easy to understand and feasible to implement. 


Choosing a Questionnaire 


When choosing a questionnaire for use in clinical practice 
or in research, the first step is to determine if the ques- 
tionnaire actually measures what you desire. A brief review 
of the questionnaire’s content and structure will provide 
important information in this regard. It is important to keep 
in mind the purpose for which a questionnaire was origi- 
nally designed and the population in which it was validated. 
Before questionnaires are used in populations or contexts 
other than those they were designed for, further validation 
is usually necessary. The second step is to assess the reliabil- 
ity, validity, and responsiveness of the questionnaire. Use of 
nonvalidated questionnaires may provide misleading infor- 
mation or fail to detect important clinical changes. When- 
ever possible, it is desirable to use a validated questionnaire 
that is widely accepted and has been used many times in the 
population you wish to evaluate. The final step is to deter- 
mine whether the length and construct of the questionnaire 
is such that it is feasible to administer in your practice or 
research study. Long questionnaires may be desirable for 
research studies in which lots of detail is desirable, but are 
likely to be too burdensome and time-consuming to be used 


effectively in clinical practice. In general, using only part of 
a validated questionnaire or changing the order or content 
of a questionnaire is discouraged as this can change its psy- 
chometric properties. 


Symptom Questionnaires 


Symptom questionnaires are used to assess the presence, 
severity, and impact of particular symptoms or groups of 
symptoms. A list of valid and reliable symptom question- 
naires developed for women with various pelvic floor dis- 
orders is shown in Box 44.2. One of the most widely used 
symptom questionnaires in the study of pelvic floor disor- 
ders is the Urogenital Distress Inventory (UDI). The UDI 
contains 19 questions about lower urinary tract symptoms 
separated into three scales: irritative symptoms, obstruc- 
tive/discomfort symptoms, and stress symptoms. Respon- 
dents are asked if they have a particular symptom and if 
they do to assess the degree it bothers them on a four point 
scale from “not at all” to “greatly.” A shortened version of 
the UDI is the UDI-6, a six question instrument that cor- 
relates well with the longer version (See Appendix). 

A simple urinary incontinence symptom severity ques- 
tionnaire that has been used frequently, particularly in 
epidemiology studies, is the Incontinence Severity Index 
developed by Sandvik et al. (1993) (Box 44.3). This index 
has been shown by multiple authors to have good validity 
and reliability and is responsive to both behavioral and surgi- 
cal treatments. It is able to accurately distinguish between 
women with incontinence and those without and has good 
correlation with pad test and bladder diary results. The brev- 
ity and simplicity of this questionnaire makes it ideal for 
use in clinical practice. Another brief urinary incontinence 
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URINARY INCONTINENCE 


Incontinence Severity Index 

International Consultation on Incontinence Questionnaire short 
form (ICIQ-SF) 

Urogenital Distress Inventory (UDI) 

Urogenital Distress Inventory short form (UDI-6) 

Kings Health Questionnaire 

Bristol Female Lower Urinary Tract Symptom Questionnaire 
(BFLUTS) 

Fecal Incontinence 

St. Mark’s (Vaizey) score 

Fecal Incontinence Severity Index (FISI) 


PELVIC ORGAN PROLAPSE 
Pelvic Floor Distress Inventory (PFDI)* 
Pelvic Floor Distress Inventory short form (PFDI-20)* 


ALL PELVIC FLOOR DISORDERS (UI, FI, POP) 
Pelvic Floor Distress Inventory (PFDI)* 
Pelvic Floor Distress Inventory short form (PFDI-20)* 


*All instruments listed have been shown to be valid, reliable, and responsive. 

*The Pelvic Floor Distress Inventory (PFDI) and its short form (PFDI-20) have 
been used primarily in women with pelvic organ prolapse (grade A recom- 
mendation from 5th ICI) and have demonstrated good psychometric 
properties in all forms of pelvic floor disorders. Each has urinary, anorectal, 
and pelvic organ prolapse scales. 

UI = urinary incontinence. 

FI = fecal incontinence. 

POP = pelvic organ prolapse. 


HOW OFTEN DO YOU EXPERIENCE URINARY LEAKAGE? 


0 Never 

1 Less than once a month 

2 Once or several times a month 
3 Once or several times per week 
4 Every day and/or night 


HOW MUCH URINE DO YOU LOSE EACH TIME? 
0 None 
1 Drops or little 
2 More 
Scoring: Multiply the score of question 1 by the score of ques- 
tion 2. The total score is then used to classify patients into 
one of four severity categories: 
0 = Dry 1-2 = Slight 


3-4 = Moderate 6-8 = Severe 


Adapted from Sandvik H, Hunskaar S, Seim A et al. Validation of severity index 
in female urinary incontinence and its implementation in an epidemiologic 
survey. | Epidemiol Commun Health. 1993;47:497. 


severity questionnaire is the International Consultation on 
Incontinence Questionnaire-UI short form (ICIQ-UI Short 
Form) (See Appendix). This four-item questionnaire was 
developed by the WHO-sponsored International Consulta- 
tion on Incontinence (ICI) in an effort to provide a brief, 
robust urinary incontinence symptom questionnaire that 
could be applied widely in clinical practice and research. It 
has been evaluated in both men and women and has shown 
to be valid, reliable, and responsive in numerous studies. 
It is currently available in over 30 languages. The ICIQ-UI 


short form contains three scored items (assessment of the 
frequency, severity, and perceived impact of incontinence) 
and an unscored self-diagnostic item. ICI has several other 
scales that have been developed (www.iciq.net) that are 
intended to be modular in nature, including a more compre- 
hensive female lower urinary tract symptoms questionnaire, 
questionnaires for patients with nocturia, and overactive 
bladder, a questionnaire that assesses vaginal symptoms/ 
sexual function (ICIQ-VS), and a bowel/fecal symptoms 
questionnaire (ICIQ-B), among others. 

Urinary urgency is the essential symptom of OAB and 
although varying techniques have been used to assess the 
level of urgency in OAB studies, the most commonly used 
method incorporates a rating of urgency recorded with 
each void on a voiding diary. Valid and reliable urgency rat- 
ing scales incorporated as part of a bladder diary include 
the Indevus Urgency Severity Scale, the Sensation-Related 
Bladder Diary, the Patient Perception of Intensity of 
Urgency Scale (PPIUS), and the Urinary Sensation Scale 
(USS) (Table 44.2). In each scale, the patient rates their 
degree of urgency for that void on a 3, 4, or 5-point scale. 
Each places urinary urgency on a continuum ranging from 
no desire to void, to normal desire to void, to pathologic 
urgency. Generally, only the highest rating (or in the case of 
the PPIUS and USS, the top two ratings) indicate patho- 
logic urgency. 

There are four commonly used severity scores for fecal 
incontinence: the Pescatori Incontinence Score, Wexner 
(Cleveland Clinic) Score, St. Marks (Vaizey) Score, and 
Fecal Incontinence Severity Index (FISI). FISI is a ques- 
tionnaire that was developed with the support of the Ameri- 
can Society of Colon and Rectal Surgeons (Table 44.3). It 
is based on a type-by-frequency matrix that assigns values 
to various frequencies and types of incontinence on the 
basis of a subjective rating of severity. The scoring algo- 
rithm was developed through independent interviews 
with patients and colorectal surgeons. The severity rat- 
ings of both groups were very highly correlated, although, 
interestingly, patients tended to rate liquid incontinence as 
most severe, while surgeons rated solid stool incontinence 
as most severe. The authors do not endorse the use of the 
values of one group over another (patient-derived weights 
or surgeon-derived weights); although an argument can be 
made that the subjective experience of the patients should 
be more important. The FISI needs further psychometric 
testing; particularly with regard to reliability and respon- 
siveness. It has, however, demonstrated significant correla- 
tions with QOL and with extent of anal sphincter injury 
as measured by endo-anal ultrasound in women with other 
pelvic floor disorders. The St. Mark’s (Vaizey) Score, like 
the FISI, assesses frequency of incontinence by type (solid, 
liquid, gas), however, it also assesses alterations in lifestyle, 
need to use pads or a plug, use of constipating medications, 
and ability to defer defecation (e.g., fecal urgency) (Table 
44.3). Several studies have demonstrated the reliability and 
validity of the St. Mark’s score and, unlike the FISI, it had 
demonstrated responsiveness and the minimum important 
difference (MID) has been established. Improvement in St. 
Mark’s score is highly correlated with fecal incontinent epi- 
sodes (r = 0.79, P <0.001). There is also a moderate cor- 
relation with the St. Mark’s score and changes in maximum 
incremental squeeze pressure (r = —0.30, P <0.05). The 
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Table 44.2 Urinary Urgency Scales 


Indevus Urgency Severity 
Scale 


0: None—No urgency. 


1: Mild—awareness of urgency, 
but it is easily tolerated and 
you can continue with your 
usual activity or task. 


2: Moderate—Enough urgency 
or discomfort that it inter- 
feres with or shortens your 
usual activity or tasks. 

4: Severe—Extreme urgency 
discomfort that abruptly 
stops all activity or tasks. 


Sensation-Related Bladder 
Diary 


Grade 1—No desire to void. 


Grade 2—Desire to void but 
voiding can be delayed for at 
least 30 min. 


Grade 3—Desire to void but 
voiding cannot be delayed for 
more than 15 min. 


Grade 4— Desire to void but 
voiding cannot be delayed for 
more than 5 min. 


Patient Perception of Intensity 
of Urgency Scale (PPIUS) 


O—No urgency: | felt no need to 
empty my bladder but did so 
for other reasons. 


1—Mild urgency: | could 
postpone voiding for as long 
as necessary without fear of 
wetting myself. 


2—Moderate urgency: | could 
postpone voiding for a short 
while without fear of wetting 
myself. 

3—Severe urgency: | could not 
postpone voiding but had to 
rush to the toilet in order not 
to wet myself. 


4—Urge incontinence: | leaked 
before arriving at the toilet. 


Urinary Sensation Scale (USS) 


1—No urgency: No feeling of 
urgency. Can continue activi- 
ties until it is convenient to use 
the bathroom. 

2—Mild urgency: Feel urgency. 
Can easily tolerate. Can finish 
usual activity and task quickly, 
and then go right to the 
bathroom. 

3—Moderate urgency: Enough 
urgency discomfort. Need to 
stop usual activity and task and 
go right to the bathroom. 

4—Severe urgency: Strong 
urgency discomfort. Almost 
cannot hold urine. Need to 
stop usual activity and tasks 
immediately, and run to 
bathroom to avoid wetting 
accident. 

5—Urge incontinence: Extreme 
urgency discomfort. Cannot 
hold urine and have a wetting 
accident before arriving at the 
bathroom. 


Adapted from Cartwright R, Srikrishna S, Cardozo L, Robinson D. Validation and reliability of the patient’s perception of intensity of urgency scale in overac- 
tive bladder. BJU Int. 2010;107:1612. 


Table 44.3 Fecal Incontinence Severity Scales 


2 or more times 


Gas 
Mucous 


Liquid stool 
Solid stool 
Weights* 
Gas 
Mucous 


Liquid stool 
Solid stool 


Incontinence for solid stool 
Incontinence for liquid stool 
Incontinence for gas 
Alteration in lifestyle 


Need to wear a pad or plug 
Taking constipating medicines 


Lack of ability to defer defecation 


for 15 min 


Fecal Incontinence Severity Index 


a day 

QO QO 
Q m) 
m) m) 
m) m) 
12 11 
12 10 
19 WW 
18 16 


Once a day 2 or more times a week 


Once a week 


St. Mark’s (Vaizey) Score 


Never* 
0 


0 
0 
0 


m Q) 
u u 
m m 
u m 
8 6 
7 5 
13 10 
15) 10 
Rarely“ Sometimes” 
1 2 
1 2 
1 2 
1 2 


Score: Sum the weights associated with the boxes that are checked in each row (range 0-61). 


*Patient-derived weights shown. 


1-3 times a month Never 
| ) 
m ) 
m ) (E ) 
m) ) 
4 0 
3 0 
8 (0) 

8 0 
Weekly* Daily* 
3 4 
3 4 
5) 4 
3 4 
No Yes 
0 2 
0 2 
0 4 


Score: Add one score from each row: minimum score = 0 = perfect continence; maximum score = 24 = totally incontinent. 

*Never, no episodes in the past four weeks; Rarely, one episode in the past 4 weeks; Sometimes >1 episode in the past 4 weeks but <1 a week; 
Weekly, one or more episodes a week but <1 a day; Daily, one or more episodes a day. 

Adapted from Rockwood TH, Church JM, Fleshman JW, et al. Fecal incontinence quality-of-life scale: quality-of-life instrument for patients with fecal incon- 
tinence. Dis Colon Rectum. 2000;43:9. Vaizey CJ, Carapeti E, Cahill JA, Kamm MA. Prospective comparison of fecal incontinence grading systems. Gut. 


1999;4:477. 


CHAPTER 44 Outcomes and Quality-of-Life Measures in Pelvic Floor Research 653 


Pescatori Incontinence Score and the Wexner Score have 
not been as rigorously validated as the FISI or St. Mark’s 
score. 

To date, the only valid, reliable, and responsive symp- 
tom questionnaire designed specifically for use in women 
with pelvic organ prolapse is the Pelvic Floor Distress Inven- 
tory (PFDI). This comprehensive symptom questionnaire is 
intended for women with all forms of pelvic floor disorders. 
It assesses 46 pelvic floor symptoms and has three scales: a 
urinary scale (identical to the UDI), a colorectal scale, and 
a pelvic organ prolapse scale. Its structure is similar to that 
of the UDI; patients are asked to indicate if they have a 
particular symptom and, if so, are asked to assess how much 
it bothers them on a four-point scale. A short version of the 
PFDI is also available, the Pelvic Floor Distress Inventory 
short form 20 (PFDI-20), which also has urinary, colorectal, 
and pelvic organ prolapse scales. The urinary scale of the 
PFDI-20 is identical to the UDI-6. Both the PFDI and the 
PFDI-20 have good reliability and validity and have dem- 
onstrated excellent responsiveness in patients undergoing 
surgery for pelvic organ prolapse. 


QOL Questionnaires 


HRQOL refers to a person’s total sense of well-being and 
considers multiple dimensions, including (but not limited 
to) their social, physical, and emotional health. Measures 
of HRQOL can be classified into two types: generic and 
condition-specific. Generic HRQOL instruments are used 
to assess QOL in a broad range of illnesses or populations. 
Generic instruments have the advantage of allowing com- 
parisons across different groups or illnesses, but may lack 
sensitivity to the unique aspects of a specific disease and 
how it impacts the life of an affected patient. The two 
generic HRQOL instruments that have been used frequently 
in women with pelvic floor disorders are the SF-36 and 
EuroQOL ED-5Q (Box 44.4). Both instruments are widely 
used, have been translated into several languages, and have 
reached the highest levels of evidence relating to psycho- 
metric testing. Unfortunately, in patients with pelvic floor 
disorders, they tend to be relatively unresponsive to change. 

Condition-specific HRQOL instruments are designed 
to measure the impact of a specific disease on HRQOL. 
Condition-specific instruments provide a more in-depth 
assessment of specific issues and concerns critical to the 
disease process they were designed for. They also tend to be 
more responsive to change than generic instruments. Their 
primary disadvantage is that they can only be used in the 
particular patient group they were designed for and data 
cannot be compared to norms for a general population or 
other groups. Condition-specific HRQOL questionnaires 
for women with pelvic floor disorders with established reli- 
ability and validity are listed in Box 44.4. 

The Incontinence Impact Questionnaire (IIQ) is a con- 
dition-specific QOL questionnaire for women with uri- 
nary incontinence that is a companion to the UDI. This 
questionnaire has 30 questions and assesses the degree to 
which lower urinary tract symptoms affect a range of daily 
activities and emotions. It has four scales: travel, social, 
emotional, and physical activity. Like the UDI, it is a valid, 
reliable, and responsive questionnaire that was originally 
designed for use in women with urinary incontinence, and 


GENERIC QOL QUESTIONNAIRES 


SF-36 
EUROQOL EQ-5D 
CONDITION SPECIFIC QOL QUESTIONNAIRES 

Urinary Incontinence 

Incontinence Impact Questionnaire (IIQ) 

Incontinence Impact Questionnaire short form (IlQ-7) 

Incontinence Quality-of-Life Questionnaire (I-QOL) 

King’s Health Questionnaire 

Urge Incontinence Impact Questionnaire (Urge IIQ) 

Overactive Bladder 

Overactive Bladder Questionnaire (OAB-q) 

Fecal Incontinence 

Fecal Incontinence QOL Scale (FIQL) 

Manchester Heath Questionnaire 

Pelvic Organ Prolapse 

Pelvic Floor Impact Questionnaire (PFIQ)* 

Pelvic Floor Impact Questionnaire short form (PFIQ-7)* 

Prolapse Quality-of-Life Questionnaire (P-QOL) 

All Pelvic Floor Disorders (UI, Fl, POP)* 

Pelvic Floor Impact Questionnaire (PFIQ) 

Pelvic Floor Impact Questionnaire short form (PFIQ-7) 

SEXUAL FUNCTION QUESTIONNAIRES** 

Female Sexual Function Index (FSFI) 

Prolapse and Incontinence Sexual Function Questionnaire 
(PISQ) 

Prolapse and Incontinence Sexual Function Questionnaire 
short form (PISQ-12) 

Prolapse and Incontinence Sexual Function Questionnaire— 
IUGA Revised (PISQ—IR) 


*All instruments listed have been shown to be valid and reliable; all have dem- 
onstrated adequate responsiveness except for the Fecal Incontinence QOL 
Scale, the Manchester Health Questionnaire, the PISQ and the PISQ-12. 

*The Pelvic Floor Impact Questionnaire (PFIQ) and it short form (PFIQ-7) 
have been used primarily in women with pelvic organ prolapse (Grade A 
recommendation from 5th ICI) and have demonstrated good psychometric 
properties in all forms of pelvic floor disorders. Each has urinary, anorectal, 
and pelvic organ prolapse scales. 

*#The FSFI is a general sexual function questionnaire; the Prolapse and Incon- 
tinence Sexual Function Questionnaire (PISQ) and it short form (PISQ-12) 
are designed for use in sexually active women with prolapse and/or urinary 
incontinence. The PISQ-IR can be used in both sexually active and inactive 
women with prolapse and/or incontinence. 

UI = urinary incontinence. 

FI = fecal incontinence. 

POP = pelvic organ prolapse. 

QOL = quality of life. 

SF-36 = Short Form 36 questions. 


has been used extensively to measure the effect of lower 
urinary tract symptoms on the HRQOL of women with pel- 
vic organ prolapse. The IIQ-7 is a shortened version of the 
IQ that is a companion to the UDI-6. 

The Incontinence Quality of Life Questionnaire (I-QOL) 
is a 22-item questionnaire with three scales (avoidance/lim- 
iting behavior; psychosocial impact; and social embarrass- 
ment) that was designed for use in clinical trials to measure 
impact of incontinence on men and women (see Appendix 
E). It is available in several languages and has demonstrated 
reliability and validity in multiple different populations. 
Although the I-QOL has only moderate responsiveness, 
unlike many questionnaires for women with pelvic floor 
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disorders, the minimum change in score that should be con- 
sidered clinically significant has been evaluated (MID). The 
MID of the I-QOL is an improvement in score of approxi- 
mately 2% to 5%. A 2% to 5% improvement in I-QOL score 
is associated with a 25% reduction in pad weight, a 25% 
reduction in incontinence episodes in the bladder diary, and 
was the change in score noted in patients who noted they 
were “a little better” after treatment. 

The Kings Health Questionnaire is a 32-item question- 
naire that assesses 10 domains related to HRQOL and uri- 
nary incontinence. It was originally developed in Britain, but 
eight validated cultural adaptations of the questionnaire are 
available in 26 languages. It has demonstrated good psycho- 
metric properties, and, like the I-QOL, the MID has been 
determined. A change from baseline of at least 5 points (out 
of 100) on any of the questionnaire’s 10 domains indicates 
clinically meaningful improvement in that domain. 

The Overactive Bladder Questionnaire (OAB-q) was 
developed to assess symptom bother and the impact of 
OAB on HRQOL. The instrument was developed and vali- 
dated in both continent and incontinent patients with OAB, 
including both men and women. It includes eight items that 
evaluate symptom bother and 25 items that evaluate impact 
of OAB on HRQOL and has demonstrated reliability, valid- 
ity, and responsiveness to pharmacotherapy in both conti- 
nent and incontinent patients. 

As with the symptom severity questionnaires, condition- 
specific HRQOL instruments for women with fecal incon- 
tinence are less well established than those for women with 
urinary incontinence. The Fecal Incontinence Quality of Life 
(FIQOL) scale is a 29-item instrument developed with the 
support of the American Society of Colon and Rectal Sur- 
geons that measures the impact of anal incontinence over 
four domains: lifestyle, coping/behavior, depression/self- 
perception, and embarrassment. The Manchester Health 
Questionnaire is an adaptation of the King’s Health Ques- 
tionnaire for women with fecal incontinence. It includes 
items in eight domains of QOL and a symptom severity 
scale. Both the FIQOL scale and the Manchester Health 
Questionnaire have demonstrated adequate validity and 
reliability, but their responsiveness has yet to be established. 

The Pelvic Floor Impact Questionnaire (PFIQ) and the 
Prolapse Quality of Life Questionnaire (P-QOL) are cur- 
rently the only condition-specific questionnaires with 
demonstrated reliability, validity, and responsiveness that 
assesses the impact of pelvic organ prolapse on QOL. The 
PFIQ is a companion questionnaire to the PFDI and can be 
used by clinicians and researchers to measure the extent to 
which lower urinary tract, lower gastrointestinal tract, and 
pelvic organ prolapse symptoms affect the QOL of women 
who suffer from the full spectrum of pelvic floor disorders. 
Like the PFDI, it has urinary, colorectal, and pelvic organ 
prolapse scales, and has good reliability and validity. It also 
has demonstrated responsiveness in women receiving surgi- 
cal and nonsurgical management for pelvic organ prolapse. 
The PFIQ-7 is a short version of the PFIQ that includes 
within it the IIQ-7 and colorectal and prolapse scales. The 
P-QOL is a 20-item questionnaire that covers nine QOL 
domains, including general health, prolapse impact, role, 
physical and social limitations, personal relationships, emo- 
tional problems, sleep/energy disturbance, as well as mea- 
surements of symptom severity. 


Sexual Function Questionnaires 


Sexual function is an important outcome to consider when 
evaluating a treatment of pelvic floor disorders (see also 
Chapter 6). Although a number of valid and reliable sex- 
ual function questionnaires exist, until recently their use 
in women with pelvic organ prolapse or other pelvic floor 
disorders has been limited. A systematic review by Daker- 
White performed in 2002 identified 14 valid and reliable 
self-reported sexual function measures for men or women, 
however, only two met the highest standards and were 
recommended for general use: the McCoy Female Sexual- 
ity Questionnaire (MFSQ) and the Female Sexual Function 
Index (FSFI). The MFSQ is a 19-item questionnaire for use 
in postmenopausal women that aims to assess a women’s 
level of sexual interest and response. The FSFI is also a 
19-item questionnaire and has six domains: desire, arousal, 
lubrication, orgasm, satisfaction, and pain. The FSFI can 
be used in any age group and is the general sexual function 
questionnaire that has been used most frequently in stud- 
ies of pelvic floor disorders. The main difference between 
these questionnaires is that the MFSQ includes social and 
relationship factors, whereas the FSFI is more focused on 
individual function. Both measures contain questions that 
are only applicable for people with a current sexual partner. 

Currently, the only condition-specific sexual func- 
tion questionnaire for women with pelvic organ prolapse 
or urinary incontinence is the Pelvic Organ Prolapse and 
Incontinence Sexual Function Questionnaire (PISQ). The 
PISQ is valid and reliable and contains 31 items and three 
domains: behavioral/emotive, physical, and partner-related. 
It is designed for use in sexually active women with pelvic 
organ prolapse and/or urinary incontinence and assesses the 
impact of these diseases on sexual function. The PISQ-12 is 
a short version of the PISQ that correlates well with its long 
form. Recently, the International Urogynecological Associa- 
tion (IUGA) established a working group to improve the 
PISQ with the goals of refining its measurement properties, 
enhancing the ability to assess outcomes in women who are 
not sexually active and in women with anal incontinence, 
and developing an instrument ultimately intended for inter- 
national use (Rogers et al., 2013). The Pelvic Organ Prolapse 
and Incontinence Sexual Questionnaire—IUGA Revised 
(PISQ-IR) is a 20-item questionnaire with demonstrated 
reliability, validity, and responsiveness in women with uri- 
nary incontinence, anal incontinence, and pelvic organ pro- 
lapse that has sections for those who are sexually active and 
those who are not sexually active. It is currently available in 
English but is undergoing translation into multiple interna- 
tional languages and contexts. 


Global Indices 


A global index is a simple, usually single-item, instrument 
that asks an individual patient to rate the severity of a spe- 
cific condition or to rate the response of her condition to 
treatment. As the name implies, the goal of a global index is 
to get an overall appraisal of a complex phenomenon, not to 
evaluate every component of the phenomenon. Global indi- 
ces are simple, direct, and easy to interpret. Additionally, 
global indices provide the single best measure of significance 
of change from the individual perspective. They take into 
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Check the one number that best describes how your urinary 
tract condition is now, compared with how it was before your 
treatment. 

. Very much better. 

. Much better. 

. A little better. 

No change. 

. A little worse. 

. Much worse. 

. Very much worse. 


NAURWN= 


account more information that may affect HRQOL than 
other methods for assessing clinically meaningful change. 
The principal disadvantage of global indices is their lack of 
information and specificity regarding the precise aspects 
or manifestations of disease severity or improvement that 
results in an individual patient selecting a specific rating. 
A common global index used in pelvic floor research is the 
visual analog score (VAS), where respondents are asked to 
indicate the severity of their disease on a 10 cm VAS with 
0 representing no complaint and 100 indicating unbearable 
urinary symptoms or something similar. 

A validated global index for urinary incontinence is 
the Patient Global Impression of Improvement (PGI-I), a 
single item questionnaire that asks subjects to rate their 
improvement after treatment on a seven-point scale (Box 
44.5). The PGI-I responses demonstrate significant cor- 
relation with changes in pad testing, urinary incontinence 
frequency, and I-QOL score after treatment for urinary 
incontinence. Thus, this simple tool appears to be a valid 
global assessment of a patient’s response to treatment for 
urinary incontinence. Interestingly, data from Yalcin and 
Bump (2003) using the PGI-I suggest that patients begin 
to perceive themselves as being at least a little better with 
treatment when their incontinence episodes decrease 
by about 45% or more or their 1-h pad test improves by 
approximately 25% or more. 


Patient Selected Goals 


Patient selected outcome measures, also called goal attainment 
scaling (GAS), is a technique for measuring goal achievement 
after therapy that has been commonly used in psychiatry, phys- 
ical therapy, and nursing, but has only recently been applied to 
pelvic floor disorders. It seems particularly suited for fields in 
which the goal of therapy is to improve QOL and where success 
is subjective and individualized. Prior to therapy, subjects are 
asked to list the goals they wish to achieve from the interven- 
tion. Patient goals are not stated in terms of traditional outcome 
measures, but rather in terms that are specific and personal 
to the individual subject. Examples might include such things 
as “spending less time getting up at night to the bathroom,” 
“being able to play tennis without leaking,” or “getting rid of 
my uncomfortable bulge.” After therapy, goal achievement, or 
lack thereof, is measured using VAS or Likert-type responses. 
Hullfish et al. (2002) found women scheduled for surgery 
for pelvic floor dysfunction had, on average, 3.6 goals that 
could be broadly separated into five categories: urinary/bowel 


symptoms, improving activity, general/other health, social rela- 
tionships/self-image, and physical appearance. Twelve weeks 
after surgery, 85% felt that all or some of their prespecified 
goals had been met; 46% had all of their goals met 12-weeks 
postoperatively, and 42% felt that all of their preoperative goals 
had been met at 2-year follow-up. Goal achievement corre- 
lates with both improvements in QOL and satisfaction with 
treatment, often better than objective outcome measures do. 
Goal assessment is not, however, identical to QOL assessment 
as each provides complementary, but independent, indications 
of long-term subjective treatment success. 

Patient selected goal assessment is a valuable clinical 
tool when applied to the individual patient. It can assist in 
understanding and managing a patient’s expectations, pro- 
vide treatment goals and be used to direct therapy. In the 
evaluation of a therapy, GAS provides a unique insight into 
the components that make up a successful intervention and 
help explain why two subjects who have similar treatment 
outcomes from an objective standpoint may have differences 
in terms of their satisfaction with treatment. Unfortunately, 
the application of GAS to clinical research is challenging, 
primarily because of the heterogeneous nature of subject- 
selected goals. Potentially large differences in the number, 
magnitude, and characteristics of individual subject’s goals 
within a study can make analysis and interpretation of study 
results difficult. Furthermore, the application of GAS to 
surgical research or to the evaluation of drug therapy is in its 
infancy. Further research is necessary to determine how best 
to apply GAS to therapeutic trials for pelvic floor disorders. 


Socioeconomic Outcomes 


Public policy decisions and socioeconomic evaluations 
require an assessment of treatment cost in relation to treat- 
ment outcome. A detailed discussion of cost-effectiveness 
studies and their ilk are beyond the scope of this chapter; 
however, attempts at capturing treatment cost should be an 
important consideration in any well-designed clinical trial. 
Such assessments should attempt to quantify both direct 
and indirect costs. Direct medical costs should include per- 
sonnel costs/time (physician, nurse, technician), diagnostic 
and laboratory tests, hospital costs, treatment costs (drugs, 
operating room time, etc.), treatment of side effects, and 
outpatient visits. Indirect costs are often more difficult to 
quantify but should include things such as loss of productiv- 
ity, time lost from work, loss of service to family and com- 
munity, and premature mortality. In economic evaluations, 
it is important to consider the perspective of the evaluation, 
as the perspective (e.g., patients, hospital, third-party payer, 
government, and society) will have significant influence on 
which costs should be included in the analysis. 


Defining Treatment Success 


In contrast to trials evaluating treatment of cancer or cardio- 
vascular disease, in which mortality is an obvious clinically 
relevant primary outcome measure, choosing the appropri- 
ate primary outcome measure for clinical trials of pelvic floor 
disorders can be challenging because “success” of treatment 
is often difficult to define. In spite of the recent effort by 
national and international organizations to standardize out- 
comes in studies of pelvic floor disorders, there is currently 
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no clearly established single best outcome measure or group 
of measures for any of these conditions, hence, the empha- 
sis on assessing outcomes in many domains. Traditionally, 
there has been a tendency to use objective physician or test- 
based measures, such as urodynamic outcomes for studies 
of urinary incontinence and physical examination for studies 
of pelvic organ prolapse, as the primary outcome variables in 
intervention trials of pelvic floor disorders. However, in the 
last decade, there has been increasing emphasis on patient 
based outcomes, such as symptom questionnaires and QOL 
assessments. In fact, a survey of physicians, nurses, and 
patients by Tincello and Alfirevic (2002) found that subjec- 
tive measures and improvement in QOL were regarded by 
all groups as the most important outcomes in urogynecology 
studies. In spite of this, subjective outcomes alone are often 
inadequate to accurately characterize the effects of treat- 
ment on disorders of the pelvic floor. Both subjective and 
objective outcome measures should be assessed and the pri- 
mary outcome should be chosen based on the study’s goal. 
Clinical trials can broadly be separated into explanatory 
trials and pragmatic trials. In explanatory trials, the intent is 
to determine not only if one treatment is superior to another, 
but also why it is superior and to determine the mechanism 
of success or failure. In explanatory trials, the inclusion/ 
exclusion criteria tend to be strict in order to capture an 
“ideal” patient population. There is an emphasis on objec- 
tive outcome measures that study mechanism of disease and 
treatment; these might include physiologic tests (i.e., urody- 
namics, anal manometry), radiologic evaluation, biochemical 
measures, etc. The goal of a pragmatic trial is to determine 
which treatment is superior in a real-world setting without 
consideration of why it is superior or how it works. The inclu- 
sion/exclusion criteria of these trials tend to be liberal in order 
to mimic clinical practice and the emphasis is on subjective 
patient driven outcomes, such as questionnaires or symptom 
diaries. When choosing outcome measures during the plan- 
ning of a trial, a good first step is to determine whether the 


% Cure rate 
100% 


intent of the trial is to be explanatory or pragmatic. The next 
step should be to identify valid, reliable outcome measures 
that will appropriately meet the study’s objectives. 


Urinary Incontinence 


For a condition such as urinary incontinence, it might seem 
obvious that the primary outcome measure for a therapeutic 
trial should be “continence,” but, unfortunately, it is not that 
simple. No clear consensus exists on how best to define con- 
tinence. Should a therapy be considered “successful” if the 
patient reports that she no longer leaks urine, but has devel- 
oped voiding dysfunction or new-onset urinary urgency? Simi- 
larly, should a patient be considered “continent” if she reports 
no urinary leakage after treatment on a voiding diary but leaks 
urine on multiple occasions during a urodynamic evaluation 
or has a positive pad test? The outcome or outcomes chosen 
as the primary outcome measure of a study can have a pro- 
found impact on the study’s results. This is nicely illustrated 
by the United Kingdom Tension-free Vaginal Tape Random- 
ized Control Trial (UK TVT RCT), a multicenter RCT com- 
paring TVT to Burch colposuspension for treatment of SUI 
(Ward and Hilton, 2002). The authors of this study defined 
“cure” as the absence of stress incontinence at urodynamics 
and a negative 1-h pad test (both criteria had to be satisfied to 
be considered a cure). Using this definition, 66% of subjects 
receiving TVT and 57% of those receiving colposuspension 
were cured. Figure 44.1 illustrates how varying the definition 
of cure would have resulted in different cure rates. Using the 
absence of stress incontinence at urodynamic testing alone 
as the definition of cure would have resulted in cure rates 
of 81% and 65% for TVT and colposuspension, respectively, 
which is consistent with previous reports in the literature. 
In contrast, the cure rate would have been less than 40% for 
both procedures if the authors had chosen a patient report 
of “no urinary leakage” on a symptom questionnaire as the 
primary outcome measure. This example illustrates not only 
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FIGURE 44.1 Cure rates of the 
United Kingdom _ tension-free 


vaginal tape randomized control 
trial (UK TVT RCT) versus Burch 


Pad test 


No stress 
leakage’ 


Cystometry CMG + pad 


No leakage 


colposuspension for stress urinary 
incontinence, based on various 
definitions of cure, for TVT (red) 
and colposuspension (blue). 
CMG = cystometrogram. (From: 
Hilton P. Trials of surgery for stress 
incontinence—thoughts on the 
‘Humpty Dumpty principle.” BJOG. 
2002;109:1081. with permission.) 
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the impact of choice of outcome measure on study results, 
but also emphasizes the importance of choosing the outcome 
measure prior to the onset of the study. To wait until comple- 
tion of a study to define “success” or “cure” would allow for 
considerable manipulation of results. 

The IUGA guidelines on the evaluation and outcome mea- 
sures for female SUI provide no specific recommendation for 
defining cure after SUI treatment, although they note that 
definitions of SUI treatment outcome “should include all 
aspects of disease, usually a combination of subjective and 
objective measures, and patient’s degree of satisfaction/qual- 
ity-of-life” (Ghoniem et al., 2008). In a more recent review 
of the literature, Castillo et al. (2010) found that the defini- 
tion of cure after SUI surgery was widely variable with 4% 
using solely objective outcome measurements, 33% assessing 
only subjective outcome measurements, and 63% including 
both subjective and objective outcome measurements in the 
outcome assessments. Subjective cure was most often deter- 
mined by patient self-assessment (34%) followed by patient 
questionnaires (19%). Objective cure was most frequently 
assessed by a cough stress test with one-third of studies using 
this parameter as part of their definition of cure. Increas- 
ingly, researchers are using a combination of outcome mea- 
sures to create a “composite measure” measure of cure when 
assessing SUI surgeries. The Trial of Midurethral Slings study 
was a multicenter, randomized equivalence trial comparing 
the effect of the retropubic midurethral sling (RMUS) and 
the transobturator midurethral sling (TMUS) for the treat- 
ment of SUI (Richter et al., 2010). The composite primary 
outcome included objective measures (negative 300 mL ret- 
rograde fill stress test, negative 24-h pad test, and no retreat- 
ment) and subjective measures (no stress symptoms on the 
MESA questionnaire, no leakage noted on a 3-day bladder 
diary, and no retreatment) assessed at 12 months. An equiva- 
lence margin of 12% points was chosen on the basis of clini- 
cal importance accounting for 80% power and feasibility. 
Unadjusted objective and subjective cure rates were similar 
between RMUS and TMUS (80.8% and 77.7%, respectively, 
and 62.2% and 55.8%, respectively). If a single definition was 
utilized to define the primary outcome using only one objec- 
tive or subjective outcome, urinary incontinence cure rates 
would vary between 65% and 95%. 

When choosing an outcome or composite set of out- 
comes for defining cure, it is important that those measures, 
whether objective or subjective, are valid and can be reliably 
measured. Ideally, it is also useful to know how much change 
in a particular outcome is clinically relevant or considered 
important to the patient. For pharmacologic treatment 
of stress incontinence, it appears that patients recognize 
reductions of incontinence episode frequency of approxi- 
mately 50% as having clinical value (Yalcin et al., 2010). 
Reductions of less than 40% do not appear to be clinically 
relevant to women. Whether this is also true for surgery for 
SUI or for treatment of urge incontinence is unknown. Frick 
et al. (2010) evaluated the relative responsiveness of out- 
come measures used to evaluate surgery for SUI and found 
that the Incontinence Severity Index, PFDI-20, UDI-6, and 
bladder diary had the greatest responsiveness when com- 
pared with other measures and suggest that these measures 
may be referable as primary outcome measures in trials of 
SUI treatment. Identifying responsive outcome measures is 
important when designing trials for incontinence treatment. 


More responsive outcome measures detect change better, 
thus increasing study power and potentially decreasing the 
number of participants required for enrollment. 

As with SUI, outcome measures used in studies of therapy 
for UUI are heterogeneous. In the Cochrane review on bladder 
training, treatment outcomes consist of patient’s perception of 
cure or improvement of incontinence, quantification of symp- 
toms (number of incontinence episodes and/or micturitions 
per day on a diary) and QOL (IIQ and SF-36). Similarly, out- 
comes used in trials evaluating pelvic muscle exercises with or 
without biofeedback included quantification of symptoms by 
diary and urodynamic outcomes. Campbell et al. (2009) evalu- 
ated definition of treatment success in trials of UUI refractory 
to antimuscarinic medications and noted that in 48 trials suc- 
cess outcomes included complete continence in 44%, 250% 
improvement in incontinence episodes in 31%, and subjective 
improvement/patient satisfaction in 25%. These authors found 
that the treatment success outcome of 250% improvement in 
incontinence episodes was associated with clinically meaning- 
ful improvement in disease-specific HRQOL. They recom- 
mended this definition of treatment success be used in future 
in UUI trials as it was less restrictive than complete continence 
but includes patients who are satisfied with treatment and 
experienced meaningful improvement in symptoms. Payne 
and Kelleher (2007) noted that in studies of OAB, urgency, 
frequency, and nocturia should be important components of 
treatment response along with UUI. In particular, they empha- 
sized that, according to the ICS definition, urinary urgency, 
not incontinence, is the fundamental symptom of OAB. They 
evaluated three composite outcome measures of treatment 
response for OAB and identified two definitions that appear 
to capture change in HRQOL most effectively: (1) reduc- 
tion by half or more of all four baseline symptoms (episodes 
of urgency, incontinence, nocturia, and voiding frequency per 
24 h), and (2) reduction by half or more in urgency and at 
least one other symptom (incontinence, frequency, or noctu- 
ria). Payne and Kelleher (2007) concluded that establishing 
the most appropriate definition to capture treatment-related 
changes in OAB will require further investigation, but noted 
that the use of a composite clinical endpoint appears to be a 
valid approach when assessing OAB symptom changes. 


Pelvic Organ Prolapse 


Pelvic organ prolapse, like all pelvic floor disorders, is a 
multidimensional phenomenon and “success” of treatment 
is often difficult to define. Historically, most studies evalu- 
ating the treatment of pelvic organ prolapse have focused 
exclusively on anatomic success without considering other 
important areas, such as symptoms, QOL, or socioeconomic 
outcomes. For an individual patient, the most important out- 
come of a surgical procedure is the relief of her symptoms 
and improvement in her QOL (Barber et al., 2009), yet, 
until recently, these areas have largely been ignored. Fortu- 
nately, over the last 15 years, measures to evaluate pelvic 
organ prolapse have improved; there is now an internation- 
ally accepted and reliable assessment of the anatomic sup- 
port of the uterus and vagina (POPQ) and a number of valid, 
reliable, and responsive symptom questionnaires and con- 
dition-specific HRQOL instruments. A recent joint report 
from ICS and IUGA recommended that the following out- 
comes be reported in studies of prolapse surgery: Objective 
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(e.g., POPQ): patient reported outcomes (particularly the 
presence or absence of vaginal bulge symptoms); satisfac- 
tion, QOL, and perioperative data (e.g., operative time, 
hospital stay, etc.) (Tooz-Hobson et al., 2012). A careful 
report of short and long-term complications is also essential 
to properly weigh the risk-benefit ratio of each procedure. 

Traditionally, researchers have defined surgical success 
using the NIH satisfactory anatomic outcome (POPQ stage 
0-I) and defined surgical failure as POPQ stage 2 or greater. 
More recently, it is suggested that these anatomic definitions 
are too strict, as over 75% of women presenting for annual 
gynecologic examinations without symptoms of pelvic organ 
prolapse would not meet the definition of “optimal anatomic 
outcome” and almost 40% would not meet the definition of 
“satisfactory anatomic outcome.” Thus, a substantial number 
of women considered “surgical failures” by these definitions 
would be within the normal distribution of vaginal support for 
parous women. The hymen may be a more clinically relevant 
anatomic threshold for surgical success and some researchers 
have begun defining anatomic failure after surgery as prolapse 
that extends beyond the hymen. Another challenge is that 
the five-level staging system of the current POPQ (stages 
0-IV) may be insufficient to discriminate among clinically 
important groups of women with pelvic organ prolapse, plac- 
ing virtually all such women into stage II or III. Although the 
staging may facilitate comparisons, it may not describe suf- 
ficient detail as the individual POPQ measurements provide. 
A third area of uncertainty is whether or not apical prolapse 
should be considered by the same anatomic standards as pro- 
lapse of the anterior or posterior vaginal wall. 

We have gained an improved understanding of the rela- 
tionship between pelvic organ support and the development 
of symptoms. Most symptoms often attributed to prolapse 
have at best weak-to-moderate correlations with worsen- 
ing pelvic organ support, however, the one symptom that is 
almost consistently acknowledged by patients with advanced 
prolapse is the presence of a vaginal bulge that can be seen 
or felt. The absence of vaginal bulge symptoms postopera- 
tively has a significant relationship with a patient’s assess- 
ment of overall improvement and improvement in QOL 
after surgery, while anatomic success alone does not (Barber 
et al., 2009). The hymen seems to be an important “cut off 
point” for symptom development (Swift and Barber, 2010). 
Women with prolapse beyond the hymen have more pelvic 
floor symptoms and are more likely to report a vaginal bulge 
than women with prolapse at or above the hymen. 

Reoperation after pelvic organ prolapse surgery for recur- 
rence is an important measure of procedure efficacy. It is 
important to realize that reoperation rates likely represent the 
“tip of the iceberg” in terms of unsuccessful surgical outcomes, 
as many women with recurrence of symptomatic prolapse 
may not elect another surgery. Nonetheless, repeat surgery for 
recurrent prolapse is an undesirable outcome that should, in 
most cases, be considered a surgical failure. The rates of reop- 
eration after prolapse surgery vary widely in the literature, 
in large part because of varying definitions and timeframes. 
Olsen et al., (1997), using administrative data from a large 
U.S. healthcare system, reported a lifetime reoperation rate 
of 29.2%. Importantly, this study included both prolapse and 
stress incontinence surgery and did not distinguish between 
reoperation for incontinence or pelvic organ prolapse in their 
report. Moreover, the authors did not distinguish between 


reoperation for prolapse in the same compartments originally 
operated versus the development of prolapse in a new seg- 
ment of the vagina (“de novo pelvic organ prolapse”). More 
recently, several investigators have looked specifically at the 
issue of site-specific recurrence with reoperation rates ranging 
from 3.4% to 9.7%. In a meta-analysis of 258 studies evalu- 
ating reoperation rates after apical prolapse repairs, Diwadkar 
et al., (2009), reported a reoperation rate of 3.9% (95% con- 
fidence interval (CI) 3.5%-4.4%) for traditional vaginal vault 
suspensions (sacrospinous ligament suspension and uterosac- 
ral vault suspensions) after a mean of 32 months, 2.3% (95% 
CI 1.9%-2.7%) for sacrocolpopexy with a mean follow-up of 
26 months, and 1.3% (95% CI 1.0%-1.7%) after transvaginal 
mesh procedures at a mean follow-up of 17 months. Nota- 
bly, the total reoperation rate (if one includes reoperations for 
recurrent prolapse and for complications) was highest in the 
transvaginal mesh group (8.5%). 

In order to provide some clarity for future studies 
reporting reoperation rates after pelvic organ prolapse sur- 
gery, the joint ICS/IUGA report (Tooz-Hobson et al., 2012) 
on reporting outcomes after prolapse surgery has proposed 
the following standardized terminology for prolapse surgery 
studies: 

Primary surgery: For pelvic organ prolapse is the first 
procedure required for the treatment of prolapse in 
any compartment 

Further surgery: This gives a global figure for the num- 
ber of subsequent procedures the patient undergoes 
directly or indirectly relating to the primary surgery. 
This is subdivided into: 

a. Primary prolapse surgery/different site: A prolapse 
procedure in a new site/compartment following 
previous surgery in a different compartment (e.g., 
anterior repair following previous posterior repair). 

b. Repeat surgery: A repeat operation for prolapse 
arising from the same site. Where combinations 
of procedures arise (e.g., new anterior repair plus 
further posterior repair) these should be reported 
separately (i.e., repeat posterior repair and primary 
anterior repair). 

c. Surgery for complications: Some complications 
include: mesh exposure, extrusion, pain, patient 
compromise, and hemorrhage. 

d. Surgery for non-prolapse-related conditions: Some 
conditions include: subsequent surgery for SUI or 
fecal incontinence. 

The definition of success substantially affects treatment 
success rates following surgery for pelvic organ prolapse. Since 
the publication of the NIH Workshop recommendations, con- 
siderable variability in defining treatment success still persists 
in studies evaluating surgery for prolapse. A number of trials 
define success as POPQ stage 0 or I consistent with the Work- 
shop’s “satisfactory anatomic outcome” definition with one 
reporting success rates as low as 30% using standard surgical 
techniques. Some have used the Baden—Walker prolapse grad- 
ing system rather than the POPQ system. Other studies have 
used a combination of anatomic criteria and the presence or 
absence of symptoms to define treatment success. Such vari- 
ability makes it difficult to compare study results. Moreover, 
there are many unknowns, including clinical relevance of these 
definitions or how different outcome definitions might affect 
the comparison between treatment arms within a study. 
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A recent secondary analysis of the CARE trial described 
prolapse surgical success rates after sacrocolpopexy using 
18 different definitions of treatment success with differing 
requirements for anatomic, symptomatic, and/or retreat- 
ment outcomes (Barber et al., 2009). Treatment success var- 
ied widely depending upon definition used (19.2%-97.2%). 
71.4% considered their surgery “very successful” and 85.2% 
considered themselves “much better” than before surgery. 
Definitions of success requiring all anatomic support to be 
proximal to the hymen had the lowest treatment success 
(19.2%-57.6%), and 94.3% achieved surgical success when 
it was defined as the absence of prolapse beyond the hymen. 
Subjective cure (absence of bulge symptoms) occurred in 
92.1% whereas absence of retreatment occurred in 97.2% 
of patients. Subjective cure was associated with significant 
improvements in the patient’s assessment of both treatment 
success and overall improvement, more so than any other def- 
inition considered (P = 0.0002 and <0.0001, respectively). 
Similarly, the greatest difference in symptom burden and 
HRQOL between treatment successes and failures was noted 
when success was defined as subjective cure (absence of vagi- 
nal bulge symptoms; P < 0.0001). These authors concluded 
that the absence of vaginal bulge symptoms postoperatively 
has a significant relationship with a patient’s assessment of 
overall improvement, whereas anatomic success alone does 
not. Based on this analysis along with the currently available 
literature on the distribution of pelvic support loss in the gen- 
eral population and on data on the relationship between pelvic 
organ support loss and symptom development, authors from 
the NIH Pelvic Floor Disorders Network have recommended 
that: (1) any definition of success after pelvic organ prolapse 
surgery should include the absence of bulge symptoms in 
addition to anatomic criteria and the absence of retreatment, 
and (2) using the hymen as a threshold for anatomic success 
seems a reasonable and defensible approach. 

In 2001, Weber et al. published the results of a ran- 
domized trial of three methods of anterior colporrhaphy 
and reported failure rates of 58% to 70% using the NIH 
workshop’s definition (failure = POPQ stage II or greater). 
Recently, this study has been reanalyzed using the more clin- 
ically relevant criteria for treatment success proposed above 
(Chmielewski et al., 2011). Treatment success, a composite 
outcome defined as absence of prolapse beyond the hymen, 
symptomatic recurrence (absence of bulge symptoms), and 
retreatment, was achieved in 88% at 1 year. Only 10% of 
patients developed anatomic recurrence beyond the hymen, 
5% developed symptomatic recurrence, and less than 1% 
underwent retreatment at 23 months. This study highlights 
the importance of defining treatment success from the 
patient’s perspective rather than using strict anatomic out- 
comes that may not have clinical relevance. 
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Introduction 


The International Continence Society (ICS) established a 
committee for the standardization of terminology of lower 
urinary tract function in 1973. Five of the six reports from 
this committee, approved by the Society, have been published 
(Abrams et al., 1986; Bates et al., 1976, 1977, 1980, 1981). 
The fifth report on “Quantification of urine loss” was an inter- 
nal ICS document and appears, in part, in this document. 

These reports are revised, extended, and collated in this 
monograph. The standards are recommended to facilitate 
comparison of results by investigators who use urodynamic 
methods. These standards are recommended not only for 
urodynamic investigations carried out on humans but also 
during animal studies. When using urodynamic studies in 
animals, the type of anesthesia used should be stated. It is 
suggested that acknowledgment of these standards in writ- 
ten publications be indicated by a footnote to the section 
(Abrams et al., 1986) “Methods and Materials” or its equiv- 
alent, to read as follows: “Methods, definitions and units 
conform to the standards recommended by the Interna- 
tional Continence Society, except where specifically noted.” 

Urodynamic studies involve the assessment of the 
function and dysfunction of the urinary tract by any 
appropriate method. Aspects of urinary tract morphol- 
ogy, physiology, biochemistry, and hydrodynamics affect 
urine transport and storage. Other methods of investiga- 
tion such as the radiographic visualization of the lower 
urinary tract are a useful adjunct to conventional urody- 
namics. This monograph concerns the urodynamics of the 
lower urinary tract. 


Clinical Assessment 


The clinical assessment of patients with lower urinary 
tract dysfunction should consist of a detailed history, a 
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frequency/volume chart, and a physical examination. In 
urinary incontinence, leakage should be demonstrated 
objectively. 


History 


The general history should include questions relevant to 
neurological and congenital abnormalities as well as infor- 
mation on previous urinary infections and relevant surgery. 
Information must be obtained on medication with known 
or possible effects on the lower urinary tract. The general 
history should also include assessment of menstrual, sexual, 
and bowel function and obstetric history. 

The urinary history must consist of symptoms related to 
both the storage and the evacuation functions of the lower 
urinary tract. 


Frequency/Volume Chart 


The frequency/volume chart is a specific urodynamic inves- 
tigation recording fluid intake and urine output per 24-h 
period. The chart gives objective information on the number 
of voidings, the distribution of voidings between daytime 
and nighttime, and each voided volume. The chart can also 
be used to record episodes of urgency and leakage and the 
number of incontinence pads used. The frequency/volume 
chart is very useful in the assessment of voiding disorders 
and in the follow-up of treatment. 


Physical Examination 


Besides a general urological and, when appropriate, gyne- 
cological examination, the physical examination should 
include the assessment of perineal sensation, the perineal 
reflexes supplied by the sacral segments S2-S4, and anal 
sphincter tone and control. 


*From Abrams P Blairvas JG, Stanton SL, et al: Int Urogynecol J 1991;1:45-58. 
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Procedures Related to the Evaluation 
of Urine Storage 


Cystometry 


Cystometry is the method by which the pressure-volume 
relationship of the bladder is measured. All systems are 
zeroed at atmospheric pressure. For external transduc- 
ers, the reference point is the level of the superior edge of 
the symphysis pubis. For catheter-mounted transducers, 
the reference point is the transducer itself. Cystometry 
is used to assess detrusor activity, sensation, capacity, and 
compliance. 

Before starting to fill the bladder, the residual urine may 
be measured. However, the removal of a large volume of 
residual urine may alter detrusor function especially in neu- 
ropathic disorders. Certain cystometric parameters may 
be significantly altered by the speed of bladder filling (see 
Compliance, Section The Detrusor during Voiding). 

During cystometry, it is taken for granted that the patient 
is aware, unanesthetized, and neither sedated nor taking 
drugs that affect bladder function. Any variations should be 
specified. 


General Information 


The following details should be given: 

. Access (transurethral or percutaneous). 

. Fluid medium (liquid or gas). 

. Temperature of fluid (state in degrees Celsius). 

. Position of patient (e.g., supine, sitting, or standing). 

. Filling method may be by diuresis or catheter. Fill- 
ing by catheter may be continuous or incremental; the 
precise filling rate should be stated. When the incre- 
mental method is used the volume increment should 
be stated. For general discussion, the following terms 
for the range of filling rate may be used: 
a. Up to 10 mL/min is slow fill cystometry (“physi- 

ological” filling). 

b. 10 to 100 mL/min is medium fill cystometry. 
c. More than 100 mL/min is rapid fill cystometry. 
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Technical Information 


The following details should be given: 

1. Fluid-filled catheter: specify number of catheters, 
single or multiple lumens, type of catheter (manufac- 
turer), size of catheter. 

2. Catheter tip transducer: list specifications. 

3. Other catheters: list specifications. 

4. Measuring equipment. 


Definitions 


Cystometric terminology is defined as follows: 

Intravesical pressure is the pressure within the bladder. 

Abdominal pressure is taken to be the pressure sur- 
rounding the bladder. In current practice, it is esti- 
mated from rectal or, less commonly, extraperitoneal 
pressure. 

Detrusor pressure is that component of intravesical pres- 
sure that is created by forces in the bladder wall (pas- 
sive or active). It is estimated by subtracting abdominal 
pressure from intravesical pressure. The simultaneous 
measurement of abdominal pressure is essential for 


the interpretation of the intravesical pressure trace. 
However, artifacts on the detrusor pressure trace may 
be produced by intrinsic rectal contractions. 

Bladder sensation. Sensation is difficult to evaluate 
because of its subjective nature. It is usually assessed 
by questioning the patient in relation to the fullness of 
the bladder during cystometry. 

Commonly used descriptive terms include: 

First desire to void. 

Normal desire to void: defined as the feeling that leads 
the patient to pass urine at the next convenient 
moment, but voiding can be delayed if necessary. 

Strong desire to void: defined as a persistent desire to 
void without the fear of leakage. 

Urgency: defined as a strong desire to void accompanied 

by fear of leakage or fear of pain. 

Pain (the site and character of which should be speci- 

fied). Pain during bladder filling or micturition is abnormal. 

The use of objective or semiobjective tests for sensory 

function, such as electrical threshold studies (sensory test- 
ing), is discussed under Sensory Testing (see Section Sen- 
sory Testing). 

The term “capacity” must be qualified as follows: 

Maximum cystometric capacity, in patients with normal 
sensation, is the volume at which the patient feels he 
or she can no longer delay micturition. In the absence 
of sensation, the maximum cystometric capacity can- 
not be defined in the same terms and is the volume at 
which the clinician decides to terminate filling. In the 
presence of sphincter incompetence, the maximum 
cystometric capacity may be significantly increased by 
occlusion of the urethra, e.g., by Foley catheter. 

The functional bladder capacity, or voided volume, is 
more relevant and is assessed from a frequency/vol- 
ume chart (urinary diary). 

The maximum (anesthetic) bladder capacity is the vol- 
ume measured after filling during a deep general or 
spinal/epidural anesthetic, specifying fluid tempera- 
ture, filling pressure, and filling time. 

Compliance indicates the change in volume for a change 
in pressure. Compliance is calculated by dividing the 
volume change (AV) by the change in detrusor pres- 
sure (Apget) during that change in bladder volume 
(C = AV/Apget). Compliance is expressed as milliliters 
per centimeters of water pressure (see also Compli- 
ance, Section The Detrusor during Voiding). 


Urethral Pressure Measurement 


The urethral pressure and the urethral closure pressure are 
idealized concepts that represent the ability of the urethra 
to prevent leakage (see Section Urinary Incontinence). In 
current urodynamic practice, the urethral pressure is mea- 
sured by a number of different techniques that do not 
always yield consistent values. Not only do the values differ 
with the method of measurement, but there is often lack of 
consistency for a single method (e.g., the effect of catheter 
rotation when urethral pressure is measured by a catheter 
mounted transducer). 

Intraluminal urethral pressure may be measured: 

At rest, with the bladder at any given volume. 

During coughing or straining. 


During the process of voiding (see Section Urethral Pres- 

sure Measurements during Voiding). 

Measurements may be made of one point in the urethra 
over a period, or at several points along the urethra consecu- 
tively forming a urethral pressure profile (UPP). 

Two types of UPP may be measured in the storage phase: 

1. Resting urethral pressure profile with the bladder and 

subject at rest. 

2. Stress urethral pressure profile with a defined applied 

stress (e.g., cough, strain, Valsalva). 

In the storage phase, the urethral pressure profile denotes 
the intraluminal pressure along the length of the urethra. 
All systems are zeroed at atmospheric pressure. For exter- 
nal transducers, the reference point is the superior edge of 
the symphysis pubis. For catheter-mounted transducers, the 
reference point is the transducer itself. Intravesical pressure 
should be measured to exclude a simultaneous detrusor 
contraction. The subtraction of intravesical pressure from 
urethral pressure produces the urethral closure pressure 
profile. 

The simultaneous recording of both intravesical and 
intraurethral pressures is essential during stress urethral 
profilometry. 


General Information 


The following details should be given: 

. Infusion medium (liquid or gas). 

. Rate of infusion. 

. Stationary, continuous, or intermittent withdrawal. 
. Rate of withdrawal. 

. Bladder volume. 

. Position of patient (supine, sitting, or standing). 
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Technical Information 


The following details should be given: 

1. Open catheter: specify type (manufacturer), size, 
number, position, and orientation of side or end hole. 

2. Catheter-mounted transducers: specify manufacturer, 
number of transducers, spacing of transducers along 
the catheter, orientation with respect to one another; 
transducer design, e.g., transducer face depressed or 
flush with catheter surface; catheter diameter, and 
material. The orientation of the transducer(s) in the 
urethra should be stated. 

3. Other catheters, e.g., membrane, fiberoptic-specify 
type (manufacturer), size, and number of channels as 
for microtransducer catheter. 

4. Measurement technique: For stress profiles, the par- 
ticular stress employed should be stated, e.g., cough 
or Valsalva. 

5. Recording apparatus: Describe type of recording 
apparatus. The frequency response of the total sys- 
tem should be stated. The frequency response of the 
catheter in the perfusion method can be assessed by 
blocking the eyeholes and recording the consequent 
rate of change of pressure. 


Definitions 


Terminology referring to profiles measured in storage phase 
(Fig. A.1) is defined as follows: 
Maximum urethral pressure is the maximum pressure of 
the measured profile. 
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FIGURE A.1 Diagram of a female urethral pressure profile (static) 
with ICS recommended nomenclature. 


Maximum urethral closure pressure is the maximum dif- 
ference between the urethral pressure and the intra- 
vesical pressure. 

Functional profile length is the length of the urethra 
along which the urethral pressure exceeds intravesical 
pressure. 

Functional profile length (on stress) is the length over 
which the urethral pressure exceeds the intravesical 
pressure on stress. 

Pressure “transmission” ratio is the increment in urethral 
pressure on stress as a percentage of the simultaneously 
recorded increment in intravesical pressure. For stress 
profiles obtained during coughing, pressure transmis- 
sion ratios can be obtained at any point along the urethra. 
If single values are given, the position in the urethra 
should be stated. If several pressure transmission ratios 
are defined at different points along the urethra, a pres- 
sure “transmission” profile is obtained. During “cough 
profiles,” the amplitude of the cough should be stated if 
possible. Note: The term “transmission” is in common 
usage and cannot be changed. However, transmission 
implies a completely passive process. Such an assump- 
tion is not yet justified by scientific evidence. A role for 
muscular activity cannot be excluded. 

Total profile length is not generally regarded as a useful 
parameter. 

The information gained from urethral pressure measure- 

ments in the storage phase is of limited value in the assess- 
ment of voiding disorders. 


Quantification of Urine Loss 


Subjective grading of incontinence may not indicate reli- 
ably the degree of abnormality. However, it is important to 
relate the management of the individual patients to their 
complaints and personal circumstances as well as to objec- 
tive measurements. 

To assess and compare the results of the treatment of dif- 
ferent types of incontinence in different centers, a simple 
standard test can be used to measure urine loss objectively 
in any subject. To obtain a representative result, especially 
in subjects with variable or intermittent urinary inconti- 
nence, the test should occupy as long a period as possible, 


e4 APPENDIX A 


yet it must be practical. The circumstances should approxi- 
mate to those of everyday life, yet be similar for all sub- 
jects to allow meaningful comparison. On the basis of pilot 
studies performed in various centers, an internal report of 
the ICS (5th) recommended a test occupying a 1-h period 
during which a series of standard activities was carried out. 
This test can be extended by further 1-h periods if the 
result of the first 1-h test was not considered representative 
by either the patient or the investigator. Alternatively, the 
test can be repeated having filled the bladder to a defined 
volume. 

The total amount of urine lost during the test period 
is determined by weighing a collecting device such as a 
nappy, absorbent pad, or condom appliance. A nappy or 
pad should be worn inside waterproof underpants or should 
have a waterproof backing. Care should be taken to use a 
collecting device of adequate capacity. Immediately before 
the test begins, the collecting device is weighed to the 
nearest gram. 


Typical Test Schedule 


1. Test is started without the patient voiding. 

2. Preweighed collecting device is put on and first 1-h 

test period begins. 

3. Subject drinks 500 mL sodium-free liquid within 

a short period (maximum 15 min), then sits or 
rests. 

4. Half-hour period: subject walks, including stair climb- 

ing equivalent to one flight up and down. 

5. During the remaining period, the subject performs 

the following activities: 

a. Standing up from sitting, 10 times. 

b. Coughing vigorously, 10 times. 

c. Running on the spot for 1 min. 

d. Bending to pick up small object from floor, five 
times. 

e. Wash hands in running water for 1 min. 

6. At the end of the 1-h test the collecting device is 

removed and weighed. 

7. If the test is regarded as representative, the subject 

voids and the volume is recorded. 

8. Otherwise the test is repeated preferably without 

voiding. 

If the collecting device becomes saturated or filled during 
the test, it should be removed and weighed and replaced 
by a fresh device. The total weight of urine lost during the 
test period is taken to be equal to the gain in weight of 
the collecting device(s). In interpreting the results of the 
test, it should be born in mind that a weight gain of up to 
1 g may be due to weighing errors, sweating, or vaginal 
discharge. 

The activity program may be modified according to the 
subject’s physical ability. If substantial variations from the 
usual test schedule occur, this should be recorded so that 
the same schedule can be used on subsequent occasions. 

In principle, the subject should not void during the test 
period. If the patient experiences urgency, then he or she 
should be persuaded to postpone voiding and to perform as 
many of the activities in Section Typical Test Schedule (5a-e) 
as possible to detect leakage. Before voiding, the collection 
device is removed for weighing. If inevitable voiding can- 
not be postponed, then the test is terminated. The voided 


volume and the duration of the test should be recorded. 
For subjects not completing the full test, the results may 
require separate analysis, or the test may be repeated after 
rehydration. 

The test result is given as grams urine lost in the 1-h test 
period in which the greatest urine loss is recorded. 


Additional Procedures 


Provided that there is no interference with the basic test, 
additional procedures intended to give information of 
diagnostic value are permissible. For example, additional 
changes and weighing of the collecting device can give infor- 
mation about the timing of urine loss; the absorbent nappy 
may be an electronic recording nappy so that the timing is 
recorded directly. 


Presentation of Results 


The following details should be given 

1. Collecting device. 

2. Physical condition of subject (ambulant, chairbound, 

bedridden). 

3. Relevant medical conditions of subject. 

4. Relevant drug treatments. 

5. Test schedule. 

In some situations the timing of the test (e.g., in relation 
to the menstrual cycle) may be relevant. 

Findings. Record weight of urine lost during the test (in 
the case of repeated tests, greatest weight in any stated 
period). A loss of less than 1 g is within experimental error, 
and the patients should be regarded as essentially dry. Urine 
loss should be measured and recorded in grams. 

Statistics. When performing statistical analysis of 
urine loss in a group of subjects, non-parametric statistics 
should be employed because the values are not normally 
distributed. 


Procedures Related to the Evaluation 
of Micturition 


Measurement of Urinary Flow 


Urinary flow may be described in terms of rate and pattern 
and may be continuous or intermittent. Flow rate is defined 
as the volume of fluid expelled via the urethra per unit time. 
It is expressed in mL/s. 


General Information 


The following details should be given: 

1. Voided volume. 

2. Patient environment and position (supine, sitting, or 
standing). 

3. Filling: 
a. By diuresis 

regimen). 

b. By catheter (transurethral or suprapubic). 

4. Type of fluid. 


(spontaneous or forced: specify 


Technical Information 


The following details should be given: 
1. Measuring equipment. 
2. Solitary procedure or 
measurements. 
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FIGURE A.2 Diagram of a continuous urine flow recording with ICS 
recommended nomenclature. 
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FIGURE A.3 Diagram of an interrupted urine flow recording with 
ICS recommended nomenclature. 


Definitions 


The terminology referring to urinary flow is defined as 
follows: 

1. Continuous flow (Fig. A.2): 

Voided volume is the total volume expelled via the urethra. 

Maximum flow rate is the maximum measured value of 

the flow rate. 

Average flow rate is voided volume divided by flow time. 

The calculation of average flow rate is only meaningful 

if flow is continuous and without terminal dribbling. 

Flow time is the time over which measurable flow 

actually occurs. 

Time to maximum flow is the elapsed time from onset of 

flow to maximum flow. 

The flow pattern must be described when flow time and 
average flow rate are measured. 

2. Intermittent flow (Fig. A.3): 

The same parameters used to characterize continuous 
flow may be applicable if care is exercised in patients with 
intermittent flow. In measuring flow time, the time inter- 
vals between flow episodes are disregarded. 

Voiding time is total duration of micturition, i.e., includes 
interruptions. When voiding is completed without interrup- 
tion, voiding time is equal to flow time. 


Bladder Pressure Measurements 
during Micturition 


The specifications of patient position, access for pressure 
measurement, catheter type, and measuring equipment are 
as for cystometry (see Section Cystometry). 
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FIGURE A.4 Diagram of pressure-flow recording of micturition with 
ICS recommended nomenclature. 


Definitions 


The terminology referring to bladder pressure during mictu- 
rition is defined as follows (Fig. A.4). 

Opening time is the elapsed time from initial rise in 
detrusor pressure to onset of flow. This is the initial 
isovolumetric contraction period of micturition. Time 
lags should be taken into account. In most urodynamic 
systems, a time lag occurs equal to the time taken for 
the urine to pass from the point of pressure measure- 
ment to the uroflow transducer. 

The following parameters are applicable to measure- 
ments of each of the pressure curves: intravesical, abdomi- 
nal, and detrusor pressure. 

Premicturition pressure is the pressure recorded immedi- 

ately before the initial isovolumetric contraction. 

Opening pressure is the pressure recorded at the onset of 
measured flow. 

Maximum pressure is the maximum value of the mea- 
sured pressure. 

Pressure at maximum flow is the pressure recorded at 
maximum measured flow rate. 

Contraction pressure at maximum flow is the difference 
between pressure at maximum flow and premicturi- 
tion pressure. 

Postmicturition events (e.g., after contraction) are not 

well understood and so cannot be defined as yet. 


Pressure—-Flow Relationships 


In the early days of urodynamics, the flow rate and voiding 
pressure were related as a “urethral resistance factor.” The 
concept of a resistance factor originates from rigid tube hydro- 
dynamics. The urethra does not generally behave as a rigid 
tube because it is an irregular and distensible conduit whose 
walls and surroundings have active and passive elements and 
hence, influence the flow through it. Therefore a resistance 
factor cannot provide a valid comparison between patients. 
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FIGURE A.5 Presentation of pressure flow data on individual 
patients in three groups of three patients: obstructed, unequivocal, 
and unobstructed. 


There are many ways of displaying the relationships 
between flow and pressure during micturition; an example 
is suggested in the ICS Third Report (Bates et al., 1980; Fig. 
A.5). As yet available data do not permit a standard presen- 
tation of pressure/flow parameters. 

When data from a group of patients are presented, 
pressure—flow relationships may be shown on a graph as illus- 
trated in Figure A.5. This form of presentation allows lines of 
demarcation to be drawn on the graph to separate the results 
according to the problem being studied. The points shown 
in Figure A.5 are purely illustrative to indicate how the 
data might fall into groups. The group of equivocal results 
might include either an unrepresentative micturition in an 
obstructed or an unobstructed patient, or underactive detru- 
sor function with or without obstruction. This is the group 
which invalidates the use of “urethral resistance factors.” 


Urethral Pressure Measurements 
during Voiding 


The voiding urethral pressure profile (VUPP) is used to 
determine the pressure and site of urethral obstruction. 
Pressure is recorded in the urethra during voiding. The tech- 
nique is similar to that used in the UPP measured during 
storage (the resting and stress profiles; see Section Urethral 
Pressure Measurement). 

General and technical information should be recorded as 
for UPP during storage (see Section Urethral Pressure Mea- 
surement). Accurate interpretation of the VUPP depends 
on the simultaneous measurement of intravesical pressure 
and the measurement of pressure at a precisely localized 
point in the urethra. Localization may be achieved by radi- 
opaque marker on the catheter, which allows the pressure 
measurements to be related to a visualized point in the ure- 
thra. This technique is not fully developed, and a number 
of technical as well as clinical problems need to be solved 


before the VUPP is widely used. 


Residual Urine 


Residual urine is defined as the volume of fluid remaining 
in the bladder immediately following the completion of 
micturition. The measurement of residual urine forms an 
integral part of the study of micturition. However, voiding 
in unfamiliar surroundings may lead to unrepresentative 
results, as may voiding on command with a partially filled or 


overfilled bladder. Residual urine is commonly estimated by 
the following methods: 

1. Catheter or cystoscope (transurethral, suprapubic). 

2. Radiography (excretion urography, micturition, 

cystography). 

3. Ultrasonics. 

4. Radioisotopes (clearance, gamma camera). 

When estimating residual urine the measurement of 
voided volume and the time interval between voiding and 
residual urine estimation should be recorded; this is par- 
ticularly important if the patient is in a diuretic phase. In 
the condition of vesicoureteric reflux, urine may reenter the 
bladder after micturition and may falsely be interpreted as 
residual urine. The presence of urine in bladder diverticula 
following micturition presents special problems of interpre- 
tation because a diverticulum may be regarded either as part 
of the bladder cavity or as outside the functioning bladder. 

The various methods of measurement each have limi- 
tations as to their applicability and accuracy in the various 
conditions associated with residual urine. Therefore it is nec- 
essary to choose a method appropriate to the clinical prob- 
lems. The absence of residual urine is usually an observation 
of clinical value but does not exclude infravesical obstruction 
or bladder dysfunction. An isolated finding of residual urine 
requires confirmation before being considered significant. 


Procedures Related to Neurophysiological 
Evaluation of the Urinary Tract during 
Filling and Voiding 

Electromyography 


Electromyography (EMG) is the study of electrical poten- 
tials generated by the depolarization of muscle. The follow- 
ing refers to striated muscle EMG. The functional unit in 
EMG is the motor unit. This comprises a single motor neu- 
ron and the muscle fibers it innervates. A motor unit action 
potential is the recorded depolarization of muscle fibers 
that results from activation of a single anterior horn cell. 
Muscle action potentials may be detected either by needle 
electrodes or by surface electrodes. 

Needle electrodes are placed directly into the muscle 
mass and permit visualization of the individual motor unit 
action potentials. 

Surface electrodes are applied to an epithelial surface as 
close to the muscle under study as possible. Surface elec- 
trodes detect the action potentials from groups of adjacent 
motor units underlying the recording surface. 

EMG potentials may be displayed on an oscilloscope 
screen or played through audio amplifiers. A permanent 
record of EMG potentials can only be made using a chart 
recorder with a high frequency response (in the range of 
10 kHz). 

EMG should be interpreted in the light of the patient’s 
symptoms, physical findings and urological and urodynamic 
investigations. 


General Information 


The following details should be given: 
1. EMG (solitary procedure, part of urodynamic or 
other electrophysiological investigation). 
2. Patient position (supine, standing, sitting, or other). 


3. Electrode placement: 

a. Sampling site (intrinsic striated muscle of the ure- 
thra, periurethral striated muscle, bulbocavernosus 
muscle, external anal sphincter, pubococcygeus, or 
other). State whether sites are single or multiple, 
unilateral or bilateral. Also state number of sam- 
ples per site. 

b. Recording electrode: Define the precise anatomi- 
cal location of the electrode. For needle electrodes, 
include site of needle entry, angle of entry and nee- 
dle depth. For vaginal or urethral surface electrodes 
state method of determining position of electrode. 

c. Reference electrode position. Note: Ensure that 
there is no electrical interference with any other 
machines, e.g., X-ray apparatus. 


Technical Information 


The following details should be given: 
1. Electrodes: 

a. Needle electrodes: design (concentric, bipolar, 
monopolar, single fiber, other); dimensions (length, 
diameter, recording area); electrode material (e.g., 
platinum). 

b. Surface electrodes: type (skin, plug, catheter, 
other); size and shape; electrode material; mode of 
fixation to recording surface; conducting medium 
(e.g., saline, jelly). 

. Amplifier (make and specifications). 

. Signal processing (data: raw, averaged, integrated, or 

other). 

4. Display equipment (make and specifications to 
include method of calibration, time base, full scale 
deflection in microvolts and polarity). 

a. Oscilloscope. 
b. Chart recorder. 
c. Loudspeaker. 
d. Other. 
5. Storage (make and specifications). 
a. Paper. 
b. Magnetic tape recorder. 
c. Microprocessor. 
d. Other. 

6. Hard copy production (make and specifications). 
a. Chart recorder. 

b. Photographic/video reproduction of oscilloscope 
screen. 


c. Other. 


WN 


Electromyelogram Findings 


Individual Motor Unit Action Potentials 


Normal motor unit potentials have a characteristic configu- 
ration, amplitude, and duration. Abnormalities of the motor 
unit may include an increase in the amplitude, duration, and 
complexity of waveform (polyphasicity) of the potentials. 
A polyphasic potential is defined as one having more than 
five deflections. The EMG findings of fibrillations, posi- 
tive sharp waves, and bizarre high frequency potentials are 
thought to be abnormal. 


Recruitment Patterns 


In normal subjects, there is a gradual increase in “pelvic 
floor” and “sphincter” EMG activity during bladder filling. 
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At the onset of micturition, there is complete absence 
of activity. Any sphincter EMG activity during voiding is 
abnormal unless the patient is attempting to inhibit mic- 
turition. The finding of increased sphincter EMG activity, 
during voiding, accompanied by characteristic simultaneous 
detrusor pressure and flow changes is described by the term 
detrusor-sphincter dyssynergia. In this condition, detrusor 
contraction occurs concurrently with an inappropriate con- 
traction of the urethral and or periurethral striated muscle. 


Nerve Conduction Studies 


Nerve conduction studies involve stimulation of a periph- 
eral nerve and recording the time taken for a response to 
occur in muscle, innervated by the nerve under study. The 
time taken from stimulation of the nerve to the response 
in the muscle is called the “latency.” Motor latency is the 
time taken by the fastest motor fibers in the nerve to 
conduct impulses to the muscle and depends on conduc- 
tion distance and the conduction velocity of the fastest 


fibers. 


General Information 


Also applicable to reflex latencies and evoked potentials 
(see Sections Reflex Latencies and Evoked Responses). The 
following details should be given: 

1. Type of investigation: 

a. Nerve conduction study (e.g., pudendal nerve). 

b. Reflexlatency determination (e.g., bulbocavernosus). 

c. Spinal evoked potential. 

d. Cortical evoked potential. 

e. Other. 

2. Is the study a solitary procedure or part of urody- 
namic or neurophysiological investigations? 

3. Patient position and environmental temperature, 
noise level and illumination. 

4. Electrode placement: Define electrode placement in 
precise anatomical terms. The exact interelectrode 
distance is required for nerve conduction velocity 
calculations. 

a. Stimulation site (penis, clitoris, urethra, bladder 
neck, bladder, or other). 

b. Recording sites (external anal sphincter, periure- 
thral striated muscle, bulbocavernosus muscle, spi- 
nal cord, cerebral cortex, or other). 

When recording spinal evoked responses, the 
sites of the recording electrodes should be speci- 
fied according to the bony landmarks (e.g., L4). 
In cortical evoked responses, the sites of the 
recording electrodes should be specified as in 
the International 10-20 system (Jasper, 1958). 
The sampling techniques should be specified (sin- 
gle or multiple, unilateral or bilateral, ipsilateral or 
contralateral, or other). 

c. Reference electrode position. 

d. Grounding electrode site. Ideally this should be 
between the stimulation and recording sites to 
reduce stimulus artifact. 


Technical Information 


Also applicable to reflex latencies and evoked potential 
(see Sections Reflex Latencies and Evoked Responses). 
The following details should be given: 
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1. Electrodes (make and specifications). Describe sepa- 
rately stimulus and recording electrodes as below: 

a. Design (e.g., needle, plate, ring, and configuration 
of anode and cathode where applicable). 

b. Dimensions. 

c. Electrode material (e.g., platinum). 

d. Contact medium. 

2. Stimulator (make and specifications): 

a. Stimulus parameters (pulse width, frequency, 
pattern, current density, electrode impedance in 
kOhms). Also define in terms of threshold (e.g., in 
case of supramaximal stimulation). 

3. Amplifier (make and specifications): 

a. Sensitivity (mV-mV). 

b. Filters: low pass (Hz) or high pass (kHz). 

c. Sampling time (msec). 

4. Averager (make and specifications): 

a. Number of stimuli sampled. 

5. Display equipment (make and specifications to 
include method of calibration, time base, full scale 
deflection in microvolts and polarity): 

a. Oscilloscope. 

6. Storage (make and specifications): 

a. Paper. 

b. Magnetic tape recorder. 

c. Microprocessor. 

d. Other. 

7. Hard copy production (make and specification): 

a. Chart recorder. 

b. Photographic/video reproduction of oscilloscope 
screen. 

c. XY recorder. 


d. Other. 


Description of Nerve Conduction Studies 


Recordings are made from muscle and latency of response 
of the muscle is measured. The latency is taken as the time 
to onset, of the earliest response. 

To ensure that response time can be precisely measured, 
the gain should be increased to give a clearly defined takeoff 
point (gain setting at least 100 pV/div and using a short time 
base, e.g., 1-2 msec/div). 

Additional information may be obtained from nerve 
conduction studies, if, when using surface electrodes to 
record a compound muscle action potential, the amplitude 
is measured. The gain setting must be reduced so that the 
whole response is displayed and a longer time base is rec- 
ommended (e.g., 1 mV/div and 5 msec/div). Because the 
amplitude is proportional to the number of motor unit 
potentials within the vicinity of the recording electrodes, 
a reduction in amplitude indicates loss of motor units and 
therefore denervation. (Note: A prolongation of latency is 
not necessarily indicative of denervation.) 


Reflex Latencies 


Reflex latencies require stimulation of sensory fields and 
recordings from the muscle that contracts reflexly in 
response to the stimulation. Such responses are a test of 
reflex arcs that comprise both afferent and efferent limbs 
and a synaptic region within the central nervous system. 
The reflex latency expresses the nerve conduction velocity 


in both limbs and the integrity of the central nervous system 
at the level of the synapse(s). Increased reflex latency may 
occur as a result of slowed afferent or efferent nerve con- 
duction or due to central nervous system conduction delays. 


General Information and Technical Information 


The same technical and general details apply as discussed 
previously under Nerve Conduction Studies. 


Description of Reflex Latency Measurements 


Recordings are made from muscle and the latency of 
response of the muscle is measured. The latency is taken as 
the time to onset, of the earliest response. 

To ensure that response time can be precisely measured, 
the gain should be increased to give a clearly defined takeoff 
point (gain setting at least 100 pV/div and using a short time 
base, e.g., 1-2 msec/div). 


Evoked Responses 


Evoked responses are potential changes in central nervous 
system neurones resulting from distant stimulation, usually 
electrical. They are recorded using averaging techniques. 
Evoked responses may be used to test the integrity of 
peripheral, spinal, and central nervous pathways. As with 
nerve conduction studies, the conduction time (latency) 
may be measured. In addition, information may be gained 
from the amplitude and configuration of these responses. 


General Information and Technical Information 


See Section Nerve Conduction Studies. 


Description of Evoked Responses 


When describing the presence or absence of stimulus- 
evoked responses and their configuration, the following 
details should be given: 

1. Single or multiphasic response. 

2. Onset of response: defined as the start of the first 
reproducible potential. Because the onset of the 
response may be difficult to ascertain precisely, the 
criteria used should be stated. 

3. Latency to onset: defined as the time (msec) from the 
onset of stimulus to the onset of response. The central 
conduction time relates to cortical-evoked potentials 
and is defined as the difference between the latencies 
of the cortical and the spinal-evoked potentials. This 
parameter may be used to test the integrity of the 
corticospinal neuraxis. 

4. Latencies to peaks of positive and negative deflec- 
tions in multiphasic responses (Fig. A.6). P denotes 
positive deflections, N denotes negative deflections. 
In multiphasic responses, the peaks are numbered 
consecutively (e.g., P1, N1, P2, N2) or according to 
the latencies to peaks in milliseconds (e.g., P44, N52, 
P66). 

5. The amplitude of the responses is measured in 
microvolts. 


Sensory Testing 


Limited information of a subjective nature may be obtained 
during cystometry by recording such parameters as the first 


N52 N79 
35 
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P66 f 


50ms 
FIGURE A.6 Evoked response recorded from the cerebral cortex 
after stimulation of the dorsal aspect of the penis. The recording 
shows the conventional labelling of negative (N) and positive (P) 
deflections with the latency of each deflection from the point of 
stimulation in milliseconds. 


desire to micturate, urgency, or pain. However, sensory 
function in the lower urinary tract can be assessed by semi- 
objective tests by the measurement of urethral and/or vesi- 
cal sensory thresholds to a standard applied stimulus such as 
a known electrical current. 


General Information 


The following details should be given: 
1. Patient’s position (supine, sitting, standing, other). 
2. Bladder volume at time of testing. 
3. Site of applied stimulus (intravesical, intraurethral). 
4. Number of times the stimulus was applied and the 
response recorded. Define the sensation recorded, 
e.g., the first sensation or the sensation of pulsing. 
5. Type of applied stimulus: 

a. Electrical current: it is usual to use a constant current 
stimulator in urethral sensory measurement. State 
electrode characteristics and placement as in section 
on EMG (Section Electromyography); electrode 
contact area and distance between electrodes if 
applicable; impedance characteristics of the system; 
type of conductive medium used for electrode/epi- 
thelial contact. Note: Topical anesthetic agents should 
not be used. Also state stimulator make and speci- 
fications and stimulation parameters (pulse width, 
frequency, pattern, duration, current density). 

b. Other (e.g., mechanical, chemical). 


Definition of Sensory Thresholds 


The vesical/urethral sensory threshold is defined as the 
least current that consistently produces a sensation per- 
ceived by the subject during stimulation at the site under 
investigation. However, the absolute values will vary in rela- 
tion to the site of the stimulus, the characteristics of the 
equipment, and the stimulation parameters. Normal values 
should be established for each system. 


Classification of Lower Urinary 
Tract Dysfunction 


The lower urinary tract is composed of the bladder and 
urethra. They form a functional unit and their interaction can- 
not be ignored. Each has two functions, the bladder to store 
and void, the urethra to control and convey. When a refer- 
ence is made to the hydrodynamic function or to the whole 
anatomical unit as a storage organ—the vesica urinaria—the 
correct term is the bladder. When the smooth muscle struc- 
ture known as the m. detrusor urinae is being discussed, the 
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correct term is detrusor. For simplicity, the bladder/detru- 
sor and the urethra will be considered separately so that a 
classification based on a combination of functional anomalies 
can be reached. Sensation cannot be precisely evaluated but 
must be assessed. This classification depends on the results 
of various objective urodynamic investigations. A complete 
urodynamic assessment is not necessary in all patients. How- 
ever, studies of the filling and voiding phases are essential for 
each patient. Because the bladder and urethra may behave 
differently during the storage and micturition phases of blad- 
der function, it is most useful to examine bladder and ure- 
thral activity separately in each phase. 

Terms used should be objective and definable and ide- 
ally should be applicable to the whole range of abnormal- 
ity. When authors disagree with the classification presented 
here, or use terms that have not been defined here, their 
meaning should be made clear. 

Assuming the absence of inflammation, infection, and 
neoplasm, lower urinary tract dysfunction may be caused by: 

1. Disturbance of the pertinent nervous or psychological 

control system. 

2. Disorders of muscle function. 

3. Structural abnormalities. 

Urodynamic diagnoses based on this classification should 
correlate with the patient’s symptoms and signs. For exam- 
ple, the presence of an unstable contraction in an asymp- 
tomatic continent patient does not warrant a diagnosis of 
detrusor overactivity during storage. 


The Storage Phase 


Bladder Function during Storage 


This may be described according to: 
1. Detrusor activity. 
2. Bladder sensation. 
3. Bladder capacity. 
4. Compliance. 


Detrusor Activity 


In this context, detrusor activity is interpreted from the mea- 
surement of detrusor pressure (Paet). Detrusor activity may be: 

Normal. 

Overactive. 

In normal detrusor function, the bladder volume increases 
without a significant rise in pressure (accommodation). No 
involuntary contractions occur despite provocation. A nor- 
mal detrusor so defined may be described as “stable.” 

Overactive detrusor function is characterized by involun- 
tary detrusor contractions during the filling phase, which 
may be spontaneous or provoked and which the patient can- 
not completely suppress. Involuntary detrusor contractions 
may be provoked by rapid filling, alterations of posture, 
coughing, walking, jumping, and other triggering proce- 
dures. Various terms have been used to describe these fea- 
tures and they are defined as follows: 

The unstable detrusor is one that is shown objectively to 
contract, spontaneously or on provocation, during the filling 
phase while the patient is attempting to inhibit micturition. 
Unstable detrusor contractions may be asymptomatic or 
may be interpreted as a normal desire to void. The presence 
of these contractions does not necessarily imply a neurologi- 
cal disorder. Unstable contractions are usually phasic in type 
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Detrusor pressure (cm H20) 


A Volume (mL) 


Detrusor pressure (cm H20) 


B Volume (mL) 


FIGURE A.7 Diagrams of filling cystometry to illustrate: A, Typical 
phasic unstable detrusor contraction; B, the gradual increase of detru- 
sor pressures with filling characteristic of reduced bladder compliance. 


(Fig. A.7A). A gradual increase in detrusor pressure without 
subsequent decrease is best regarded as a change of compli- 
ance (Fig. A.7B). 

Detrusor hyperreflexia is defined as overactivity resulting 
from disturbance of the nervous control mechanisms. The 
term detrusor hyperreflexia should only be used when there is 
objective evidence of a relevant neurological disorder. The use 
of conceptual and undefined terms such as hypertonic, sys- 
tolic, uninhibited, spastic, and automatic should be avoided. 


Bladder Sensation 


During filling bladder sensation can be classified in qualita- 
tive terms (see Section Cystometry) and by objective mea- 
surement (see Section Sensory Testing). Sensation can be 
classified broadly as follows: 

Normal. 

Increased (hypersensitive). 

Reduced (hyposensitive). 

Absent. 


Bladder Capacity 
See Section Cystometry. 


Compliance 


This is defined as: AV/Ap (see Section Cystometry). 
Compliance may change during the cystometric exami- 
nation and is variably dependent upon a number of factors 
including: 
1. Rate of filling. 
2. The part of the cystometrogram curve used for com- 
pliance calculation. 
3. The volume interval over which compliance is 
calculated. 
4. The geometry (shape) of the bladder. 
5. The thickness of the bladder wall. 


6. The mechanical properties of the bladder wall. 
7. The contractile/relaxant properties of the detrusor. 
During normal bladder filling little or no pressure change 
occurs and this is termed “normal compliance.” However, 
at the present time there is insufficient data to define nor- 
mal, high, and low compliance. When reporting compliance, 
specify: 
1. The rate of bladder filling. 
2. The bladder volume at which compliance is calculated. 
3. The volume increment over which compliance is 
calculated. 
4. The part of the cystometrogram curve used for the 
calculation of compliance. 


Urethral Function during Storage 


The urethral closure mechanism during storage may be: 

Normal. 

Incompetent. 

The normal urethra closure mechanism maintains a positive 
urethral closure pressure during filling even in the presence of 
increased abdominal pressure. Immediately before micturi- 
tion, the normal closure pressure decreases to allow flow. 

An incompetent urethral closure mechanism is defined as 
one that allows leakage of urine in the absence of a detrusor 
contraction. Leakage may occur whenever intravesical pres- 
sure exceeds intraurethral pressure (genuine stress incon- 
tinence) or when there is an involuntary fall in urethral 
pressure. Terms such as “the unstable urethra” await further 
data and precise definition. 


Urinary Incontinence 


This is defined as involuntary loss of urine that is objectively 
demonstrable and a social or hygienic problem. Loss of urine 
through channels other than the urethra is extraurethral 
incontinence. 

Urinary incontinence denotes: 

1. A symptom. 

2. A sign. 

3. A condition. 

The symptom indicates the patient’s statement of invol- 
untary urine loss, the sign is the objective demonstration of 
urine loss, and the condition is the urodynamic demonstra- 
tion of urine loss. 

Symptoms 
These can be defined as follows: 

Urge incontinence: the involuntary loss of urine associ- 
ated with a strong desire to void (urgency). Urgency 
may be associated with two types of dysfunction: 
Overactive detrusor function (motor urgency). 
Hypersensitivity (sensory urgency). 

Stress incontinence: the symptom indicates the patient’s 
statement of involuntary loss of urine during physical 
exertion. 

“Unconscious” incontinence: incontinence may occur in 
the absence of urge and without conscious recognition 
of the urinary loss. 

Enuresis: any involuntary loss of urine. If the term is used 
to denote incontinence during sleep, it should always 
be qualified with the adjective “nocturnal.” 

Postmicturition dribble and continuous leakage: denote 
other symptomatic forms of incontinence. 


Signs 

The sign stress incontinence denotes the observation of loss 
of urine from the urethra synchronous with physical exertion 
(e.g., coughing). Incontinence may also be observed without 
physical exercise. Postmicturition dribble and continuous 
leakage denote other signs of incontinence. Symptoms and 
signs alone may not disclose the cause of urinary inconti- 
nence. Accurate diagnosis often requires urodynamic investi- 
gation in addition to careful history and physical examination. 


Conditions 


These can be defined as follows: 

Genuine stress incontinence: the involuntary loss of urine 
occurring when, in the absence of a detrusor contrac- 
tion, the intravesical pressure exceeds the maximum 
urethral pressure. 

Reflex incontinence: loss of urine because of detrusor 
hyperreflexia and/or involuntary urethral relaxation in 
the absence of the sensation usually associated with 
the desire to micturate. This condition is only seen in 
patients with neuropathic bladder/urethral disorders. 

Overflow incontinence: any involuntary loss of urine asso- 
ciated with overdistension of the bladder. 


The Voiding Phase 
The Detrusor during Voiding 


During micturition the detrusor may be 

Acontractile. 

Underactive. 

Normal. 

The acontractile detrusor is one that cannot be demon- 
strated to contract during urodynamic studies. Detrusor 
areflexia is defined as acontractility from an abnormality of 
nervous control and denotes the complete absence of cen- 
trally coordinated contraction. In detrusor areflexia from a 
lesion of the conus medullaris or sacral nerve outflow, the 
detrusor should be described as decentralized, not dener- 
vated, because the peripheral neurones remain. In such 
bladders pressure fluctuations of low amplitude, sometimes 
known as “autonomous” waves, may occasionally occur. The 
use of terms such as “atonic,” “hypotonic,” “autonomic,” 
and “flaccid” should be avoided. 

Detrusor underactivity is defined as a detrusor contrac- 
tion of inadequate magnitude and/or duration to effect 
bladder emptying with a normal time span. Patients may 
have underactivity during micturition and detrusor overac- 
tivity during filling. 

Normal detrusor contractility. Normal voiding is achieved 
by a voluntarily initiated detrusor contraction that is sus- 
tained and can usually be suppressed voluntarily. A normal 
detrusor contraction will effect complete bladder empty- 
ing in the absence of obstruction. For a given detrusor con- 
traction, the magnitude of the recorded pressure rise will 
depend on the degree of outlet resistance. 


» a 


Urethral Function during Micturition 


During voiding urethral function may be: 
Normal. 
Obstructive. 
Overactivity. 
Mechanical. 


APPENDIX A e11 


Normal. The normal urethra opens to allow the bladder 
to be emptied. 

Obstruction. This occurs when the urethral closure 
mechanism contracts against a detrusor contraction or fails 
to open at attempted micturition. 

Synchronous detrusor and urethral contraction is detru- 
sor/urethral dyssynergia. This diagnosis should be qualified 
by stating the location and type of the urethral muscles 
(striated or smooth) which are involved. Despite the confu- 
sion surrounding “sphincter” terminology, the use of certain 
terms is so widespread that they are retained and defined 
here. The term detrusor/external sphincter dyssynergia or 
detrusor-sphincter dyssynergia describes a detrusor con- 
traction concurrent with an involuntary contraction of the 
urethral and/or periurethral striated muscle. In the adult, 
detrusor-sphincter dyssynergia is a feature of neurological 
voiding disorders. In the absence of neurological features, 
the validity of this diagnosis should be questioned. The 
term detrusor/bladder neck dyssynergia is used to denote 
a detrusor contraction concurrent with an objectively dem- 
onstrated failure of bladder neck opening. No parallel term 
has been elaborated for possible detrusor/distal urethral 
(smooth muscle) dyssynergia. 

Overactivity of the striated urethral sphincter may occur 
in the absence of detrusor contraction, and may prevent 
voiding. This is not detrusor/sphincter dyssynergia. 

Overactivity of the urethral sphincter may occur dur- 
ing voiding in the absence of neurological disease and 
is termed dysfunctional voiding. The use of terms such 
as “nonneurogenic” or “occult neuropathic” should be 
avoided. 

Mechanical obstruction. This is most commonly anatomi- 
cal, e.g., urethral stricture. 


Summary 


Using the characteristics of detrusor and urethral func- 
tion during storage and micturition, an accurate definition 
of lower urinary tract behavior in each patient becomes 
possible. 


Units of Measurement 


In the urodynamic literature, pressure is measured in cm 
H2O and not in millimeters of mercury. When Laplace’s 
law is used to calculate tension in the bladder wall, it is 
often found that pressure is then measured in dyne/cm?. 
This lack of uniformity in the systems used leads to confu- 
sion when other parameters, which are a function of pres- 
sure, are computed (for instance, “compliance,” contraction 
force, velocity, etc.). From these few examples, it is evident 
that standardization is essential for meaningful communica- 
tion. Many journals now require that the results be given 
in SI units. This section is designed to give guidance in the 
application of the SI system to urodynamics and defines the 
units involved. The principal units to be used are listed in 


Table A.l. 
Symbols 


It is often helpful to use symbols in a communication. The 
system in Table A.2 has been devised to standardize a code 
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Table A.1 Recommended Units of Measurement 


Quantity Acceptable Unit Symbol 
Volume Milliliter ml 

Time Second 5 

Flow rate Milliliters/second ml/s 
Pressure Centimeters of water* cm H2O 
Length Meters or submultiples m, cm, mm 
Velocity Meters/second or submultiples m/s, cm/s 
Temperature Degrees Celsius 2¢ 


*The SI unit for pressure is the pascal (Pa), but it is only practical at present to calibrate our instruments in cm H20. One centimeter of water pressure 


is approximately equal to 100 pascals (1 cm H20 = 98.07 Pa = 0.098 kPa). 


Table A.2 List of Symbols 


Basic Symbols 


Pressure 
Volume 


p Bladder 
Vv 
Flow rate Q 
v 
t 
T 


Urethra 
Detrusor 
Abdomen 
External stream 


Velocity 
Time 
Temperature 
Length 
Area A 
Diameter d 
Force F 
Energy E 
Power È 
C 
Ww 
e 


Compliance 
Work 
Energy per unit volume 


Urologic Qualifiers 


Value 
ves Maximum max 
ura Minimum min 
det Average ave 
abd Isovolumetric isv 
Ext Isobaric ist 
Isometric ism 


Examples: Puet max, Maximum detrusor pressure; €exy kinetic energy per unit volume in the external stream. 


of symbols for use in urodynamics. The rationale of the 
system is to have a basic symbol representing the physical 
quantity with qualifying subscripts. The list of basic symbols 
largely conforms to international usage. The qualifying sub- 
scripts relate to the basic symbols to commonly used urody- 
namic parameters. 
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will be complemented by the new ICS report on urody- 
namic practice to be published shortly (Schafer et al., 
2002). In addition, there are four published ICS outcome 
reports (Fonda et al., 1998; Lose et al., 1998; Mattiasson 
et al., 1998; Nordling et al., 1998). 

New or changed definitions are all indicated, however, 
recommendations concerning technique are not included in 
the main text of this report. 

The definitions have been written to be compatible with 
the World Health Organization publication International Clas- 
sification of Functioning, Disability and Health-2 published in 
2001 and the International Classification of Diseases 10. As 
far as possible, the definitions are descriptive of observations, 
without implying underlying assumptions that may later prove 
to be incorrect or incomplete. By following this principle the 
ICS aims to facilitate comparison of results and enable effec- 
tive communication by investigators who use urodynamic 
methods. This report restates the ICS principle that symp- 
toms, signs, and conditions are separate categories, and adds a 
category of urodynamic observations. In addition, terminology 
related to therapies is included (Andersen et al., 1992). 

When a reference is made to the whole anatomical organ 
the vesica urinaria, the correct term is the bladder. When 
the smooth muscle structure known as the M. detrusor uri- 
nae is being discussed, then the correct term is detrusor. 


el 


e2 APPENDIX B 


It is suggested that acknowledgment of these standards in 
written publications be indicated by a footnote to the section 
“Methods and Materials” or its equivalent, to read as follows: 

Methods, definitions, and units conform to the standards 

recommended by the International Continence Society, 

except where specifically noted. 

The report covers the following areas: 


Lower Urinary Tract Symptoms 


Symptoms are the subjective indicator of a disease or change 
in condition as perceived by the patient, carer, or partner 
and may lead him/her to seek help from health care profes- 
sionals. (NEW) 

Symptoms may either be volunteered or described dur- 
ing the patient interview. They are usually qualitative. In 
general, Lower Urinary Tract Symptoms (LUTS) cannot be 
used to make a definitive diagnosis. LUTS can also indicate 
pathologies other than lower urinary tract dysfunction, such 
as urinary infection. 


Signs Suggestive of LUTD 


Signs are observed by the physician including simple means, 
to verify symptoms and quantify them. (NEW) 

For example, a classical sign is the observation of leakage 
on coughing. Observations from frequency volume charts, 
pad tests, and validated symptom and quality of life ques- 
tionnaires are examples of other instruments that can be 
used to verify and quantify symptoms. 


Urodynamic Observations 


Urodynamic observations are observations made during uro- 
dynamic studies. (NEW) 

For example, an involuntary detrusor contraction (detrusor 
overactivity) is a urodynamic observation. In general, a urody- 
namic observation may have a number of possible underlying 
causes and does not represent a definitive diagnosis of a dis- 
ease or condition and may occur with a variety of symptoms 
and signs, or in the absence of any symptoms or signs. 


Conditions 


Conditions are defined by the presence of urodynamic 
observations associated with characteristic symptoms or 
signs and/or nonurodynamic evidence of relevant pathologi- 
cal processes. (NEW) 


Treatment 


Treatment for lower urinary tract dysfunction: these defini- 
tions are from the 7th ICS report on Lower Urinary Tract 
Rehabilitation Techniques (Andersen et al., 1992). 


Lower Urinary Tract Symptoms 


LUTS are defined from the individual’s perspective, who is 
usually, but not necessarily a patient within the health care 
system. Symptoms are either volunteered by, or elicited 
from, the individual or may be described by the individual’s 
caregiver. 


LUTS are divided into three groups: storage, voiding, and 
postmicturition symptoms. 


Storage Symptoms 


Storage symptoms are experienced during the storage phase 
of the bladder, and include daytime frequency and nocturia. 
(NEW) 

° Increased daytime frequency is the complaint by the 
patient who considers that he or she voids too often 
by day. (NEW) This term is equivalent to pollakisuria 
used in many countries. 

e Nocturia is the complaint that the individual has to 
wake at night one or more times to void. (NEW)! 

e Urgency is the complaint of a sudden compel- 
ling desire to pass urine, which is difficult to defer. 
(CHANGED) 

e Urinary incontinence is the complaint of any involun- 
tary leakage of urine. (NEW)? 

In each specific circumstance, urinary incontinence 
should be further described by specifying relevant factors 
such as type, frequency, severity, precipitating factors, social 
impact, effect on hygiene and quality of life, the measures 
used to contain the leakage, and whether or not the individ- 
ual seeks or desires help because of urinary incontinence.’ 

Urinary leakage may need to be distinguished from 
sweating or vaginal discharge. 

e Stress urinary incontinence is the complaint of invol- 
untary leakage on effort or exertion, or on sneezing or 
coughing. (CHANGED) 

e Urge urinary incontinence is the complaint of invol- 
untary leakage accompanied by or immediately pre- 
ceded by urgency. (CHANGED)° 

e Mixed urinary incontinence is the complaint of invol- 
untary leakage associated with urgency and also with 
exertion, effort, sneezing or coughing. (NEW) 

e Enuresis means any involuntary loss of urine. (ORIG- 
INAL) If it is used to denote incontinence during 


IThe term “nighttime frequency” differs from that for nocturia, 
because it includes voids that occur after the individual has gone to 
bed, but before he or she has gone to sleep; and voids that occur in 
the early morning that prevent the individual from getting back to 
sleep as he or she wishes. These voids before and after sleep may 
need to be considered in research studies, for example, in nocturnal 
polyuria. If this definition were used, then an adapted definition of 
daytime frequency would need to be used with it. 

2In infants and small children, the definition of urinary incontinence is 
not applicable. In scientific communications, the definition of incon- 
tinence in children would need further explanation. 

3The original ICS definition of incontinence, “Urinary incontinence is 
the involuntary loss of urine that is a social or hygienic problem,” 
relates the complaint to quality of life (QoL) issues. Some QoL 
instruments have been, and are being, developed to assess the impact 
of both incontinence and other LUTS on QoL. 

4The committee considers the term “stress incontinence” to be unsat- 
isfactory in the English language because of its mental connotations. 
The Swedish, French, and Italian expression “effort incontinence” is 
preferable; however, words such as “effort” or “exertion” still do not 
capture some of the common precipitating factors for stress inconti- 
nence, such as coughing or sneezing. For this reason, the term is left 
unchanged. 

>Urge incontinence can present in different symptomatic forms, for 
example, as frequent small losses between micturitions or as a cata- 
strophic leak with complete bladder emptying. 


sleep, it should always be qualified with the adjective 
“nocturnal.” 

e Nocturnal enuresis is the complaint of loss of urine 
occurring during sleep. (NEW) 

e Continuous urinary incontinence is the complaint of 
continuous leakage. (NEW) 

e Other types of urinary incontinence may be situational, 
for example the report of incontinence during sexual 
intercourse, or giggle incontinence. 

e Bladder sensation can be defined, during history- 
taking, by five categories. 

Normal: the individual is aware of bladder filling and 
increasing sensation up to a strong desire to void. 
(NEW) 

Increased: the individual feels an early and persistent 
desire to void. (NEW) 

Reduced: the individual is aware of bladder filling but 
does not feel a definite desire to void. (NEW) 

Absent: the individual reports no sensation of bladder 
filling or desire to void. (NEW) 

Nonspecific: the individual reports no specific blad- 
der sensation, but may perceive bladder filling as 
abdominal fullness, vegetative symptoms, or spasticity. 


(NEW)° 


Voiding Symptoms 


Voiding symptoms are experienced during the voiding 
phase. (NEW) 

e Slow stream is reported by the individual as his or her 

perception of reduced urine flow, usually compared 

with previous performance or in comparison with oth- 


ers. (NEW) 


e Splitting or spraying of the urine stream may be 
reported. (NEW) 

e Intermittent stream (Intermittency) is the term used 
when the individual describes urine flow, which stops 
and starts, on one or more occasions, during micturi- 
tion. (NEW) 

e Hesitancy is the term used when an individual 
describes difficulty in initiating micturition resulting 
in a delay in the onset of voiding after the individual is 
ready to pass urine. (NEW) 

° Straining to void describes the muscular effort used 
to either initiate, maintain, or improve the urinary 
stream. (NEW)? 

° Terminal dribble is the term used when an individual 
describes a prolonged final part of micturition, when 


the flow has slowed to a trickle/dribble. (NEW) 


Postmicturition Symptoms 


Postmicturition symptoms are experienced immediately 
after micturition. (NEW) 


6These nonspecific symptoms are most frequently seen in neurological 
patients, particularly those with spinal cord trauma and in children 
and adults with malformations of the spinal cord. 

7Suprapubic pressure may be used to initiate or maintain urine flow. 
The Credé maneuver is used by some spinal cord injury patients, and 
girls with detrusor underactivity sometimes press suprapubically to 
help empty the bladder. 
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e Feeling of incomplete emptying is a self-explanatory 
term for a feeling experienced by the individual after 
passing urine. (NEW) 

e Postmicturition dribble is the term used when an indi- 
vidual describes the involuntary loss of urine immedi- 
ately after he or she has finished passing urine, usually 
after leaving the toilet in men, or after rising from the 
toilet in women. (NEW) 


Symptoms Associated with Sexual Intercourse 


Dyspareunia, vaginal dryness, and incontinence are among 
the symptoms women may describe during or after inter- 
course. These symptoms should be described as fully as 
possible. It is helpful to define urine leakage as: during pen- 
etration, during intercourse, or at orgasm. 


Symptoms Associated with Pelvic 
Organ Prolapse 


The feeling of a lump (something coming down”), low 
backache, heaviness, dragging sensation, or the need to digi- 
tally replace the prolapse in order to defecate or micturate, 
are among the symptoms women may describe who have a 
prolapse. 


Genital and Lower Urinary Tract Pain® 


Pain, discomfort, and pressure are part of a spectrum of 
abnormal sensations felt by the individual. Pain produces 
the greatest impact on the patient and may be related to 
bladder filling or voiding, may be felt after micturition, or 
be continuous. Pain should also be characterized by type, 
frequency, duration, precipitating, and relieving factors and 
by location as defined as: 

¢ Bladder pain is felt suprapubically or retropubically, 
usually increases with bladder filling, and may persist 
after voiding. (NEW) 

e Urethral pain is felt in the urethra and the individual 
indicates the urethra as the site. (NEW) 

e Vulval pain is felt in and around the external genitalia. 
(NEW) 

° Vaginal pain is felt internally, above the introitus. 
(NEW) 

° Scrotal pain may or may not be localized, for example 
to the testis, epididymis, cord structures, or scrotal 
skin. (NEW) 

e Perineal pain is felt: in the female, between the poste- 
rior fourchette (posterior lip of the introitus) and the 
anus, and in the male, between the scrotum and the 
anus. (NEW) 

e Pelvic pain is less well defined than, for example, 
bladder, urethral or perineal pain and is less clearly 
related to the micturition cycle or to bowel function 
and is not localized to any single pelvic organ. (NEW) 


8The terms “strangury,” “bladder spasm,” and “dysuria” are difficult 
to define and of uncertain meaning and should not be used in rela- 
tion to LUTD, unless a precise meaning is stated. Dysuria literally 
means “abnormal urination,” and is used correctly in some European 
countries. However, it is often used to describe the stinging/burning 
sensation characteristic of urinary infection. It is suggested that these 
descriptive words should not be used in future. 
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Genitourinary Pain Syndromes and Symptom 
Syndromes Suggestive of LUTD 


Syndromes describe constellations, or varying combinations 
of symptoms, but cannot be used for precise diagnosis. The 
use of the word syndrome can only be justified if there is at 
least one other symptom in addition to the symptom used 
to describe the syndrome. In scientific communications, 
the incidence of individual symptoms within the syndrome 
should be stated in addition to the number of individuals 
with the syndrome. The syndromes described are functional 
abnormalities for which a precise cause has not been defined. 
It is presumed that routine assessment (history-taking, phys- 
ical examination, and other appropriate investigations) has 
excluded obvious local pathologies, such as those that are 
infective, neoplastic, metabolic, or hormonal in nature. 


Genitourinary Pain Syndromes 


Genitourinary pain syndromes are all chronic in their nature. 
Pain is the major complaint, but concomitant complaints are 
of lower urinary tract, bowel, sexual, or gynecological nature 

e Painful bladder syndrome is the complaint of supra- 
pubic pain related to bladder filling, accompanied 
by other symptoms such as increased daytime and 
nighttime frequency, in the absence of proven urinary 
infection or other obvious pathology. (NEW)°® 

e Urethral pain syndrome is the occurrence of recurrent 
episodic urethral pain usually on voiding, with day- 
time frequency and nocturia, in the absence of proven 
infection or other obvious pathology. (NEW) 

e Vulval pain syndrome is the occurrence of persis- 
tent or recurrent episodic vulval pain, which is either 
related to the micturition cycle or associated with 
symptoms suggestive of urinary tract or sexual dys- 
function. There is no proven infection or other obvi- 
ous pathology. (NEW) !° 

° Vaginal pain syndrome is the occurrence of persistent 
or recurrent episodic vaginal pain that is associated 
with symptoms suggestive of urinary tract or sexual 
dysfunction. There is no proven vaginal infection or 
other obvious pathology. 

e Scrotal pain syndrome is the occurrence of persistent 
or recurrent episodic scrotal pain that is associated 
with symptoms suggestive of urinary tract or sexual 
dysfunction. There is no proven epididymoorchitis or 
other obvious pathology. 

e Perineal pain syndrome is the occurrence of persistent 
or recurrent episodic perineal pain, which is either 
related to the micturition cycle or associated with 
symptoms suggestive of urinary tract or sexual dys- 


function. There is no proven infection or other obvi- 
ous pathology. (NEW)!! 


°The ICS believes this to be a preferable term to “interstitial cystitis.” 
Interstitial cystitis is a specific diagnosis and requires confirmation 
by typical cystoscopic and histologic features. In the investigation 
of bladder pain, it may be necessary to exclude conditions such as 
carcinoma in situ and endometriosis. 

10The ICS suggests that the term “vulvodynia” (vulva pain) should not be 
used as it leads to confusion between a single symptom and a syndrome. 

'The ICS suggests that in men, the term prostatodynia (prostate pain) 
should not be used because it leads to confusion between a single 
symptom and a syndrome. 


e Pelvic pain syndrome is the occurrence of persistent or 
recurrent episodic pelvic pain associated with symp- 
toms suggestive of lower urinary tract, sexual, bowel, 
or gynecological dysfunction. There is no proven 
infection or other obvious pathology. (NEW) 


Symptom Syndromes Suggestive of Lower Urinary 
Tract Dysfunction 


In clinical practice, empirical diagnoses are often used as the 
basis for initial management after assessing the individual’s 
lower urinary tract symptoms, physical findings, and the 
results of urinalysis and other indicated investigations. 

Urgency, with or without urge incontinence, usually with 
frequency and nocturia, can be describe as the overactive 
bladder syndrome, urge syndrome, or urgency-frequency 
syndrome. (NEW) 

These symptom combinations are suggestive of urody- 
namically demonstrable detrusor overactivity, but can be 
due to other forms of urethrovesical dysfunction. These 
terms can be used if there is no proven infection or other 
obvious pathology. 

LUTS suggestive of bladder outlet obstruction is a term 
used when a man complains predominately of voiding 
symptoms in the absence of infection or obvious pathology 
other than possible causes of outlet obstruction. (NEW) !2 


Signs Suggestive of LUTD 


Measuring the Frequency, Severity, and Impact 
of Lower Urinary Tract Symptoms 


Asking the patient to record micturitions and symptoms!? 
for a period of days provides invaluable information. The 
recording of micturition events can be in three main forms: 
e Micturition time chart: this records only the times of 
micturitions, day and night, for at least 24 h. (NEW) 
e Frequency volume chart: this records the volumes 
voided as well as the time of each micturition, day 
and night, for at least 24 h. (CHANGED) 
¢ Bladder diary: this records the times of micturi- 
tions and voided volumes, incontinence episodes, pad 
usage, and other information such as fluid intake, the 
degree of urgency, and the degree of incontinence. 
(NEW) 
The following measurements can be abstracted from fre- 
quency volume charts and bladder diaries: 
¢ Daytime frequency is the number of voids recorded 
during waking hours and includes the last void before 
sleep and the first void after waking and rising in the 
morning. (NEW) 


12Īn women, voiding symptoms are usually thought to suggest detrusor 
underactivity rather than bladder outlet obstruction. 

13Validated questionnaires are useful for recording symptoms, their fre- 
quency, severity and bother, and the impact of LUTS on QoL. The 
instrument used should be specified. 

14Īt is useful to ask the individual to make an estimate of liquid intake. 
This may be done precisely by measuring the volume of each drink 
or crudely by asking how many drinks are taken in a 24-h period. If 
the individual eats significant quantities of water-containing foods 
(vegetables, fruits, salads), then an appreciable effect on urine pro- 
duction will result. The time that diuretic therapy is taken should be 
marked on a chart or diary. 


e Nocturia is the number of voids recorded during a 
night’s sleep: each void is preceded and followed by 
sleep. (NEW) 

+ 24-h frequency is the total number of daytime voids 
and episodes of nocturia during a specified 24-h 
period. (NEW) 

e 24-h production is measured by collecting all urine for 
24-h. (NEW) 

This is usually commenced after the first void produced 
after rising in the morning and is completed by including the 
first void on rising the following morning. 

e Polyuria is defined as the measured production of 
more than 2.8 L of urine in 24 h in adults. It may be 
useful to look at output over shorter time frames (van 
Kerrebroeck et al., 2002). (NEW)!5 

e Nocturnal urine volume is defined as the total volume 
of urine passed between the time the individual goes 
to bed with the intention of sleeping and the time of 
waking with the intention of rising. (NEW) There- 
fore, it excludes the last void before going to bed but 
includes the first void after rising in the morning. 

e Nocturnal polyuria is present when an increased pro- 
portion of the 24-h output occurs at night (normally 
during the 8 h while the patient is in bed). (NEW) The 
nighttime urine output excludes the last void before 
sleep but includes the first void of the morning.!° 

e Maximum voided volume is the largest volume of 
urine voided during a single micturition and is deter- 
mined either from the frequency/volume chart or 
bladder diary. (NEW) 

The maximum, mean, and minimum voided volumes 

over the period of recording may be stated.” 


Physical Examination 


Physical examination is essential in the assessment of all 
patients with LUTD. It should include abdominal, pel- 
vic, perineal, and a focused neurological examination. For 
patients with possible neurogenic lower urinary tract dys- 
function, a more extensive neurological examination is 


needed. 


Abdominal 


The bladder may be felt by abdominal palpation or by supra- 
pubic percussion. Pressure suprapubically or during biman- 
ual vaginal examination may induce a desire to pass urine 


15The causes of polyuria are various and reviewed elsewhere but 
include habitual excess fluid intake. The figure of 2.8 is based on a 
70-kg person voiding >40 ml/kg. 

16The normal range of nocturnal urine production differs with age 
and the normal ranges remain to be defined. Therefore, nocturnal 
polyuria is present when greater than 20% (young adults) to 33% 
(>65 years) is produced at night. Hence the precise definition is 
dependent on age. 

17The term “functional bladder capacity” is no longer recommended 
because “voided volume” is a clearer and less confusing term, par- 
ticular if qualified (e.g., “maximum voided volume”). If the term 
bladder capacity is used, in any situation, it implies that this has been 
measured in some way, if only by abdominal ultrasound. In adults, 
voided volumes vary considerably. In children, the “expected vol- 
ume” may be calculated from the formula (30 + (age in years x 30) 
in ml). Assuming no residual urine this will be equal to the “expected 
bladder capacity.” 
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Perineal/Genital Inspection 


Perineal/genital inspection allows the description of the skin, 
for example the presence of atrophy or excoriation, any abnor- 
mal anatomical features, and the observation of incontinence 

e Urinary incontinence (the sign) is defined as urine 
leakage seen during examination: this may be urethral 
or extraurethral. 

e Stress urinary incontinence is the observation of involun- 
tary leakage from the urethra, synchronous with exer- 
tion/effort, or sneezing, or coughing. (CHANGED)!® 
Stress Leakage is presumed to be due to raised 
abdominal pressure. 

° Extraurethral incontinence is defined as observation 
of urine leakage through channels other than the ure- 
thra. (ORIGINAL) 

e Uncategorized incontinence is the observation of invol- 
untary leakage that cannot be classified into one of the 
above categories on the basis of signs and symptoms. 


(NEW) 
Vaginal Examination 


Vaginal examination allows the description of observed and 
palpable anatomical abnormalities and the assessment of pel- 
vic floor muscle function, as described in the ICS report on 
pelvic organ prolapse. The definitions given are simplified 
versions of the definitions in the report (Bump et al., 1996). 

e Pelvic organ prolapse is defined as the descent of one 
or more of: the anterior vaginal wall, the posterior vag- 
inal wall, and the apex of the vagina (cervix/uterus) or 
vault (cuff) after hysterectomy. Absence of prolapse 
is defined as stage 0 support; prolapse can be staged 
from stage I to stage IV. (NEW) 

Pelvic organ prolapse can occur in association with 
urinary incontinence and other LUTD and may on 
occasion mask incontinence. 

e Anterior vaginal wall prolapse is defined as descent of 
the anterior vagina so that the urethrovesical junction 
(a point 3 cm proximal to the external urinary meatus) 
or any anterior point proximal to this is less than 3 cm 
above the plane of the hymen. (CHANGED) 

¢ Prolapse of the apical segment of the vagina is defined 
as any descent of the vaginal cuff scar (after hysterec- 
tomy) or cervix, below a point which is 2 cm less than 
the total vaginal length above the plane of the hymen. 
(CHANGED) 

e Posterior vaginal wall prolapse is defined as any descent 
of the posterior vaginal wall so that a midline point on 
the posterior vaginal wall 3 cm above the level of the 
hymen or any posterior point proximal to this, is less 


than 3 cm above the plane of the hymen. (CHANGED) 


Pelvic Floor Muscle Function 


Pelvic floor muscle function can be qualitatively defined by 
the tone at rest and the strength of a voluntary or reflex 
contraction as strong, weak or absent or by a validated grad- 
ing system (e.g., Oxford 1-5). A pelvic muscle contraction 


18Coughing may induce a detrusor contraction, hence the sign of stress 
incontinence is only a reliable indication of urodynamic stress incon- 
tinence when leakage occurs synchronously with the first proper 
cough and stops at the end of that cough. 
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may be assessed by visual inspection, by palpation, electro- 
myography, or perineometry. Factors to be assessed include 
strength, duration, displacement, and repeatability 


Rectal Examination 


Rectal examination allows the description of observed 
and palpable anatomical abnormalities and is the easiest 
method of assessing pelvic floor muscle function in chil- 
dren and men. In addition, rectal examination is essen- 
tial in children with urinary incontinence to rule out fecal 
impaction. 
e Pelvic floor muscle function can be qualitatively 
defined, during rectal examination, by the tone at rest 
and the strength of a voluntary contraction, as strong, 


weak, or absent. (NEW) 


Pad Testing 


Pad testing may be used to quantify the amount of urine 
lost during incontinence episodes, and methods range from 
a short provocative test to a 24-h pad test. 


Urodynamic Observations and Conditions 
Urodynamic Techniques 


There are two methods of urodynamic 
investigation: 

e Conventional urodynamic studies normally take place 
in the urodynamic laboratory and usually involve arti- 
ficial bladder filling. (NEW) 

° Artificial bladder filling is defined as filling the 
bladder, via a catheter, with a specified liquid at a 
specified rate. (NEW) 

e Ambulatory urodynamic studies are defined as a 
functional test of the lower urinary tract, using nat- 
ural filling, and reproducing the subject’s every day 
activities. !9 
e Natural filling means that the bladder is filled by 

the production of urine rather than by an artificial 
medium. 

Both filling cystometry and pressure flow studies of void- 

ing require the following measurements: 

e Intravesical pressure is the pressure within the blad- 
der. (ORIGINAL) 

e Abdominal pressure is taken to be the pressure sur- 
rounding the bladder. In current practice, it is esti- 
mated from rectal, vaginal, or, less commonly, from 
extraperitoneal pressure or a bowel stoma. The simul- 
taneous measurement of abdominal pressure is essen- 
tial for the interpretation of the intravesical pressure 
trace. (ORIGINAL) 

e Detrusor pressure is that component of intravesi- 
cal pressure that is created by forces in the bladder 
wall (passive and active). It is estimated by subtract- 
ing abdominal pressure from intravesical pressure. 


(ORIGINAL) 


principal 


19The term “ambulatory urodynamics” is used to indicate that moni- 
toring usually takes place outside the urodynamic laboratory, rather 
than the subject’s mobility using natural filling. 


Filling Cystometry 


The word “cystometry” is commonly used to describe the 
urodynamic investigation of the filling phase of the micturi- 
tion cycle. To eliminate confusion the following definitions 
are proposed 

e Filling cystometry is the method by which the pres- 
sure/volume relationship of the bladder is measured 
during bladder filling. (ORIGINAL) 

The filling phase starts when filling commences and ends 
when the patient and urodynamicist decide that “permis- 
sion to void” has been given.2° 

Bladder and urethral function, during filling, need to be 
defined separately. 

The rate at which the bladder is filled is divided into: 

¢ Physiological filling rate is defined as a filling rate less 
than the predicted maximum-—predicted maximum 
body weight in kg divided by 4, expressed as ml/ 
min.'? (CHANGED) 

e Nonphysiological filling rate is defined as a fill- 
ing rate greater than the predicted maximum fill- 
ing rate—-predicted maximum body weight in kg 
divided by 4 expressed as ml/min (Klevmark, 1999). 
(CHANGED) 

Bladder storage function should be described according 

to bladder sensation, detrusor activity, bladder compliance, 
and bladder capacity.” 


Bladder Sensation during Filling Cystometry 


e Normal bladder sensation can be judged by three 
defined points noted during filling cystometry and 
evaluated in relation to the bladder volume at that 
moment and in relation to the patient’s symptomatic 
complaints. 

e First sensation of bladder filling is the feeling the 
patient has, during filling cystometry, when he/she 
first becomes aware of the bladder filling. (NEW) 

e First desire to void is defined as the feeling, during 
filling cystometry, that would lead the patient to pass 
urine at the next convenient moment, but voiding can 
be delayed if necessary. (CHANGED) 

° Strong desire to void this is defined, during filling cys- 
tometry, as a persistent desire to void without the fear 
of leakage. (ORIGINAL) 

¢ Increased bladder sensation is defined, during filling 
cystometry, as an early first sensation of bladder fill- 
ing (or an early desire to void) and/or an early strong 
desire to void, which occurs at low bladder volume 
and that persists. (NEW)? 


20The ICS no longer wishes to divide filling rates into slow, medium, 
and fast. In practice, almost all investigations are performed using 
medium filling rates which have a wide range. It may be more impor- 
tant during investigations to consider whether or not the filling rate 
used during conventional urodynamic studies can be considered 
physiological. 

21Although bladder sensation is assess during filling cystometry, the 
assumption that it is sensation from the bladder alone, without ure- 
thral or pelvic components, may be false. 

22The assessment of the subject’s bladder sensation is subjective and it 
is not, for example, possible to quantify “low bladder volume” in the 
definition of “increased bladder sensation.” 


e Reduced bladder sensation is defined, during filling 
cystometry, as diminished sensation throughout blad- 
der filling. (NEW) 

e Absent bladder sensation means that, during filling 
cystometry, the individual has no bladder sensation. 
(NEW) 

e Nonspecific bladder sensations, during filling cystom- 
etry, may make the individual aware of bladder filling, 
for example, abdominal fullness or vegetative symp- 
toms. (NEW) 

e Bladder pain, during filling cystometry, is a self- 
explanatory term and is an abnormal finding. (NEW) 

e Urgency, during filling cystometry, is a sudden com- 
pelling desire to void. (NEW)”° 

¢ The vesical/urethral sensory threshold, is defined as 
the least current that consistently produces a sensa- 
tion perceived by the subject during stimulation at 
the site under investigation (Andersen et al., 1992). 
(ORIGINAL) 


Detrusor Function during Filling Cystometry 


In everyday life, the individual attempts to inhibit detrusor 
activity until he or she is in a position to void. Therefore, 
when the aims of the filling study have been achieved, and 
when the patient has a desire to void, normally the “permis- 
sion to void” is given (see Filling Cystometry). That moment 
is indicated on the urodynamic trace and all detrusor activity 
before this “permission” is defined as “involuntary detrusor 
activity.” 

e Normal detrusor function: allows bladder filling 
with little or no change in pressure. No involun- 
tary phasic contractions occur despite provocation. 
(ORIGINAL) 

e Detrusor overactivity is a urodynamic observation 
characterized by involuntary detrusor contractions 
during the filling phase that may be spontaneous or 
provoked. (CHANGED)?4 

There are certain patterns of detrusor overactivity: 

e Phasic detrusor overactivity is defined by a character- 
istic wave form, and may or may not lead to urinary 
incontinence. (NEW)?> 

° Terminal detrusor overactivity is defined as a single 
involuntary detrusor contraction occurring at cys- 
tometric capacity, which cannot be suppressed, and 
results in incontinence usually resulting in bladder 
emptying (voiding). (NEW)?° 


23The ICS no longer recommends the terms “motor urgency” and “sen- 
sory urgency.” These terms are often misused and have little intuitive 
meaning. Furthermore, it may be simplistic to relate urgency just to 
the presence or absence of detrusor overactivity when there is usu- 
ally a concomitant fall in urethral pressure. 

24There is no lower limit for the amplitude of an involuntary detru- 
sor contraction but confident interpretation of low pressure waves 
(amplitude smaller than 5 cm H,O) depends on “high-quality” 
urodynamic technique. The phrase “which the patient cannot com- 
pletely suppress” has been deleted from the old definition. 

25Phasic detrusor contractions are not always accompanied by any sen- 
sation, or may be interpreted as a first sensation of bladder filling, or 
as a normal desire to void. 

26“Terminal detrusor overactivity” is a new ICS term: it is typically 
associated with reduced bladder sensation, for example in the elderly 
stroke patient when urgency may be felt as the voiding contraction 
occurs. However, in complete spinal cord injury patients there may 
be no sensation whatsoever. 
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e Detrusor overactivity incontinence is incontinence due 
to an involuntary detrusor contraction. (NEW) 

In a patient with normal sensation urgency is likely to be 

experienced just before the leakage episode.” 

Detrusor overactivity may also be qualified, when pos- 
sible, according to cause; for example: 

e Neurogenic detrusor overactivity when there is a rel- 
evant neurological condition. This term replaces the 
term “detrusor hyperreflexia.” (NEW) 

e Idiopathic detrusor overactivity when there is no 
defined cause. (NEW) 

This term replaces “detrusor instability.”28 

In clinical and research practice, the extent of neurological 
examination/investigation varies. It is likely that the proportion 
of neurogenic idiopathic detrusor overactivity will increase if a 
more complete neurological assessment is carried out. 

Other patterns of detrusor overactivity are seen, for 
example, the combination of phasic and terminal detrusor 
overactivity, and the sustained high-pressure detrusor con- 
tractions seen in spinal cord injury patients when attempted 
voiding occurs against a dyssynergic sphincter. 

e Provocative manoeuvres are defined as techniques 
used during urodynamics in an effort to provoke 
detrusor overactivity, for example, rapid filling, use of 
cooled or acid medium, postural changes, and hand 


washing. (NEW) 
Bladder Compliance during Filling Cystometry 


e Bladder compliance describes the relationship 
between change in bladder volume and change in 
detrusor pressure. (CHANGED)?9 

Compliance is calculated by dividing the volume change 
(AV) by the change in detrusor pressure (Apdet) during that 
change in bladder volume (C = VApdet). It is expressed in 
ml/cm H,O. 

A variety of means of calculating bladder compliance 
has been described. The ICS recommends that two stan- 
dard points should be used for compliance calculations: the 
investigator may wish to define additional points. The stan- 
dard points are: 

1. The detrusor pressure at the start of bladder filling and 

the corresponding bladder volume (usually zero), and 

2. The detrusor pressure (and corresponding blad- 
der volume) at cystometric capacity or immediately 
before the start of any detrusor contraction that 
causes significant leakage (and therefore causes the 
bladder volume to decrease, affecting compliance 
calculation). Both points are measured excluding any 
detrusor contraction. 


27The ICS recommends that the terms “motor urge incontinence” and 
“reflex incontinence” should no longer be used as they have no intui- 
tive meaning and are often misused. 

28The terms “detrusor instability” and “detrusor hyperreflexia” were 
both used as generic terms, in the English-speaking world and Scan- 
dinavia before the first ICS report in 1976. As a compromise, they 
were allocated to idiopathic and neurogenic overactivity, respectively. 
Because there is no real logic or intuitive meaning to the terms, the 
ICS believes they should be abandoned. 

29The observation of reduced bladder compliance during conventional 
filling cystometry is often related to relatively fast bladder filling: the 
incidence of reduced compliance is markedly lower if the bladder is 
filled at physiological rates, as in ambulatory urodynamics. 
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Bladder Capacity during Filling Cystometry 


e Cystometric capacity is the bladder volume at the end 
of the filling cystometrogram, when “permission to 
void” is usually given. The end point should be speci- 
fied, for example, if filling is stopped when the patient 
has a normal desire to void. The cystometric capacity 
is the volume voided together with any residual urine. 
(CHANGED)°*° 

e Maximum cystometric capacity, in patients with nor- 
mal sensation, is the volume at which the patient feels 
he/she can no longer delay micturition (has a strong 
desire to void). (ORIGINAL) 

e Maximum anesthetic bladder capacity is the volume 
to which the bladder can be filled under deep general 
or spinal anesthetic and should be qualified according 
to the type of anesthesia used, the speed of filling, the 
length of time of filling, and the pressure at which the 
bladder is filled. (CHANGED) 


Urethral Functioning during Filling: Cystometry 


The urethral closure mechanism during storage may be 
competent or incompetent. 

e Normal urethral closure mechanism maintains a posi- 
tive urethral closure pressure during bladder filling 
even in the presence of increased abdominal pressure, 
although it may be overcome by detrusor overactivity. 
(CHANGED) 

¢ Incompetent urethral closure mechanism is defined as 
one which allows leakage of urine in the absence of a 
detrusor contraction. (ORIGINAL) 

* Urethral relaxation incontinence is defined as leakage 
resulting from urethral relaxation in the presence of 
raised abdominal pressure or detrusor overactivity. 


(NEW)3! 

e Urodynamic stress incontinence is noted during 
filling cystometry, and is defined as the involun- 
tary leakage of urine during increased abdominal 
pressure in the absence of a detrusor contraction. 
(CHANGED) 

Urodynamic stress incontinence is now the preferred 

term to “genuine stress incontinence. ”32 


30In certain types of dysfunction, the cystometric capacity cannot be 
defined in the same terms. In the absence of sensation, the cystomet- 
ric capacity is the volume at which the clinician decides to terminate 
filling. The reason(s) for terminating filling should be defined (e.g., 
high detrusor filling pressure, large infused volume, pain). If there is 
uncontrollable voiding, it is the volume at which this begins. In the 
presence of sphincter incompetence the cystometric capacity may 
be significantly increased by occlusion of the urethra (e.g., by Foley 
catheter). 

3!Fluctuations in urethral pressure have been defined as the “unstable 
urethra.” However, the significance of the fluctuations and the term 
itself lack clarity and the term is not recommended by the ICS. If 
symptoms are seen in association with a decrease in urethral pressure 
a full description should be given. 

32In patients with stress incontinence, there is a spectrum of urethral 
characteristics ranging from a highly mobile urethra with good intrin- 
sic function to an immobile urethra with poor intrinsic function. 
Any delineation into categories such as “urethral hypermobility” and 
“intrinsic sphincter deficiency” may be simplistic and arbitrary and 
requires further research. 


Assessment of Urethral Function during Filling 
Cystometry 


e Urethral pressure measurement-Urethral pressure is 
defined as the fluid pressure needed to just open a 
aoe urethra. (ORIGINAL) 

The urethral pressure profile is a graph indicating 
the intraluminal pressure along the length of the 
urethra. (ORIGINAL) 

° The urethral closure pressure profile is given by the 
subtraction of intravesical pressure from urethral 
pressure. (ORIGINAL) 

e Maximum urethral pressure is the maximum pres- 
sure of the measured profile. (ORIGINAL) 

e Maximum urethral closure pressure is the maxi- 
mum difference between the urethral pressure and 
the intravesical pressure. (ORIGINAL) 

e Functional profile length is the length of the urethra 
along which the urethral pressure exceeds intraves- 
ical pressure in women. 

e Pressure “transmission” ratio is the increment in ure- 
thral pressure on stress as a percentage of the simulta- 
neously recorded increment in intravesical pressure. 

e Abdominal leak point pressure is the intravesical 
pressure at which urine leakage occurs because of 
an increased abdominal pressure in the absence of a 
detrusor contraction. (NEW)? 

° Detrusor leak point pressure is defined as the lowest 
detrusor pressure at which urine leakage occurs in the 
absence of either a detrusor contraction or increased 
abdominal pressure. (NEW)*4 


Pressure Flow Studies 


Voiding is described in terms of detrusor and urethral func- 
tion and assessed by measuring urine flow rate and voiding 
pressures. 

e Pressure flow studies of voiding are the method by 
which the relationship between pressure in the blad- 
der and urine flow rate is measured during bladder 
emptying. (ORIGINAL) 

The voiding phase starts when “permission to void” is 

given or when uncontrollable voiding begins, and ends when 
the patient considers voiding has finished. 


Measurement of Urine Flow 


Urine flow is defined either as continuous, that is without 
interruption, or as intermittent, when an individual states 
that the flow stops and starts during a single visit to the 


33The leak pressure point should be qualified according to the site 
of pressure measurement (rectal, vaginal, or intravesical) and the 
method by which pressure is generated (cough or Valsalva). Leak 
point pressures may be calculated in three ways from the three dif- 
ferent baseline values which are in common use: zero (the true zero 
of intravesical pressure), the value of Pves measured at zero bladder 
volume, or the value of Pves immediately before the cough or Val- 
salva (usually at 200- or 300-ml bladder capacity). The baseline used 
and the baseline pressure, should be specified. 

34Detrusor leak point pressure has been used most frequently to pre- 
dict upper tract problems in neurological patients with reduced blad- 
der compliance. The ICS has defined it “in the absence of a detrusor 
contraction,” although others with measure detrusor leak-point pres- 
sure during involuntary detrusor contractions. 


bathroom to void. The continuous flow curve is defined as a 
smooth arc shaped curve or fluctuating when there are mul- 
tiple peaks during a period of continuous urine flow.*° 

e Flow rate is defined as the volume of fluid expelled 
via the urethra per unit time. It is expressed in ml/s. 
(ORIGINAL) 

° Voided volume is the total volume expelled via the 
urethra. (ORIGINAL) 

e Maximum flow rate is the maximum measured 
value of the flow rate after correction for artifacts. 
(CHANGED) 

° Voiding time is total duration of micturition, i.e., 
includes interruptions. When voiding is completed 
without interruption, voiding time is equal to flow 
time. (ORIGINAL) 

e Flow time is the time over which measurable flow 
actually occurs. (ORIGINAL) 

° Average flow rate is voided volume divided by flow time. 

The average flow should be interpreted with cau- 

tion if flow is interrupted or there is a terminal dribble. 
(CHANGED) 

° Time to maximum flow is the elapsed time from onset 

of flow to maximum flow. (ORIGINAL) 


Pressure Measurements during Pressure 
Flow Studies 


The following measurements are applicable to each of 
the pressure curves: intravesical, abdominal, and detrusor 
pressure. 

e Premicturition pressure is the pressure recorded 
immediately before the initial isovolumetric contrac- 
tion. (ORIGINAL) 

e Opening pressure is the pressure recorded at onset of 
urine flow (consider time delay). (ORIGINAL) 

e Opening time is the elapsed time from initial rise in 
detrusor pressure to onset of flow. (ORIGINAL) 

This is the initial isovolumetric contraction period of 

micturition. Flow measurement delay should be taken into 
account when measuring opening time. 

e Maximum pressure is the maximum value of the mea- 
sured pressure. (ORIGINAL) 

e Pressure at maximum flow is the lowest pres- 
sure recorded at maximum measured flow rate. 
(ORIGINAL) 

e Closing pressure is the pressure measured at the end 
of measured flow. (ORIGINAL) 

e Minimum voiding pressure is the minimum pressure 
during measurable flow. This is not necessarily equal 
to either the opening or closing pressures. 

¢ Flow delay is the time delay between a change in blad- 
der pressure and the corresponding change in mea- 
sured flow rate. 


Detrusor Function during Voiding 


e Normal detrusor function 
Normal voiding is achieved by a voluntarily initiated 
continuous detrusor contraction that leads to com- 
plete bladder emptying within a normal time span, 


35The precise shape of the flow curve is decided by detrusor contrac- 
tility, the presence of any abdominal straining, and by the bladder 
outlet.!! 
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and in the absence of obstruction. For a given detrusor 

contraction, the magnitude of the recorded pressure 

rise will depend on the degree of outlet resistance. 

(ORIGINAL) 

e Abnormal detrusor activity can be subdivided: 

° Detrusor underactivity is defined as a contraction 
of reduced strength and/or duration, resulting in 
prolonged bladder emptying, and/or a failure to 
achieve complete bladder emptying within a nor- 
mal time span. (ORIGINAL) 

e Acontractile detrusor is one that cannot be dem- 
onstrated to contract during urodynamic studies. 
(ORIGINAL)*° 

e Postvoid residual is defined as the volume of urine 
left in the bladder at the end of micturition. (ORI 
GINAL)?” 


Urethral Function during Voiding 


During voiding, urethral function may be: 

Normal urethral function is defined as urethra that opens, 
and is continuously relaxed, to allow the bladder to be 
emptied at a normal pressure. (CHANGED) 

Abnormal urethra function may be due to either obstruc- 
tion to urethral overactivity or a urethra that cannot 
open because of an anatomic abnormality, such as an 
enlarged prostate or a urethral stricture. 

e Bladder outlet obstruction is the generic term for 
obstruction during voiding and is characterized 
by increased detrusor pressure and reduced urine 
flow rate. It is usually diagnosed by studying the 
synchronous values of flow rate and detrusor pres- 
sure. (CHANGED)?* 

e Dysfunctional voiding is defined as an intermit- 
tent and/or fluctuating flow rate from involuntary 
intermittent contractions of the periurethral stri- 
ated muscle during voiding in neurologically nor- 
mal individuals. (CHANGED)*? 

e Detrusor sphincter dyssynergia is defined as a 
detrusor contraction concurrent with an involun- 
tary contraction of the urethral and/or periurethral 
striated muscle. Occasionally flow may be pre- 


vented altogether. (ORIGINAL)? 


36A normal detrusor contraction will be recorded as: a high pressure 


if there is high outlet resistance, normal pressure if there is normal 
outlet resistance, or low pressure if urethral resistance is low. 


37If after repeated free flowmetry, no residual urine is demonstrated, 


then the finding of a residual urine during urodynamic studies should 
be considered an artifact, because of the circumstances of the test. 


38Bladder outlet obstruction has been defined for men but as yet not 


adequately in women and children. 


39Although dysfunctional voiding is not a very specific term, it is pre- 


ferred to terms such as “nonneurogenic neurogenic bladder.” Other 
terms such as “idiopathic detrusor sphincter dyssynergia” or “sphinc- 
ter overactivity voiding dysfunction” may be preferable. However, 
the term “dysfunctional voiding” is very well established. The con- 
dition occurs most frequently in children. Although it is believed 
that pelvic floor contractions are responsible, it is possible that the 
intraurethral striated muscle may be important. 


40Detrusor sphincter dyssynergia typically occurs in patients with 


a suprasacral lesion, for example after high spinal cord injury and 
is uncommon in lesions of the lower cord. Although the intraure- 
thral and periurethral striated muscles are usually held responsible, 
the smooth muscle of the bladder neck or urethra may also be 
responsible. 
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e Nonrelaxing urethral sphincter obstruction usu- 
ally occurs in individuals with a neurological 
lesion and is characterized by a nonrelaxing, 
obstructing urethra resulting in reduced urine 


flow. (NEW)“! 


Conditions 


e Acute retention of urine is defined as a painful, palpa- 
ble, or percussible bladder, when the patient is unable 
to pass any urine. (NEW)*2 

e Chronic retention of urine is defined as a nonpainful 
bladder, which remains palpable or percussible after 
the patient has passed urine. Such patients may be 
incontinent. (NEW)*? 

e Benign prostatic obstruction is a form of bladder out- 
let obstruction, and may be diagnosed when the cause 
of outlet obstruction is known to be benign prostatic 
hyperplasia. (NEW) 

e Benign prostatic hyperplasia is a term used (and 
reserved for) the typical histological pattern which 
defines the disease. (NEW) 

e Benign prostatic enlargement is defined as prostatic 
enlargement from histologic benign prostatic hyper- 
plasia. The term “prostatic enlargement” should be 
used in the absence of prostatic histology. (NEW) 


Treatment 


The following definitions were published in the 7th ICS 
report on Lower Urinary Tract Rehabilitation Techniques 
and remain in their original form. 


Lower Urinary Tract Rehabilitation 


Lower urinary tract rehabilitation is defined as nonsurgical, 
nonpharmacological treatment for lower urinary tract func- 
tion and includes the following. 

e Pelvic floor training is defined as repetitive selective 
voluntary contraction and relaxation of specific pelvic 
floor muscles. 

° Biofeedback is the technique by which information 
about a normally unconscious physiological process 


4INonrelaxing sphincter obstruction is found in sacral and infrasa- 
cral lesions such as meningomyelocele, and after radical pelvic 
surgery. In addition there is often urodynamic stress incontinence 
during bladder filling. This term replaces “isolated distal sphincter 
obstruction.” 

42Although acute retention is usually thought of as painful, in certain 
circumstances pain may not be a presenting feature, for example 
when resulting from prolapsed intervertebral disc, postpartum, or 
after regional anesthesia such as an epidural anesthetic. The reten- 
tion volume should be significantly greater than the expected normal 
bladder capacity. In patients after surgery, because of bandaging of 
the lower abdomen or abdominal wall pain, it may be difficult to 
detect a painful, palpable, or percussible bladder. 

43The ICS no longer recommends the term “overflow incontinence.” 
This term is considered confusing and lacking a convincing defini- 
tion. If used, a precise definition and any associated pathophysiol- 
ogy, such as reduced urethral function or detrusor overactivity/low 
bladder compliance, should be stated. The term “chronic retention” 
excludes transient voiding difficulty, for example after surgery for 
stress incontinence, and implies a significant residual urine; a mini- 
mum figure of 300 ml has been previously mentioned. 


is presented to the patient and/or the therapist as a 
visual, auditory, or tactile signal. 

¢ Behavioral modification is defined as the analysis and 
alteration of the relationship between the patient’s 
symptoms and his or her environment for the treat- 
ment of maladaptive voiding patterns. 

This may be achieved by modification of the behavior 

and/or environment of the patient. 


Electrical Stimulation 


Electrical stimulation is the application of electrical current 
to stimulate the pelvic viscera or their nerve supply. 

The aim of electrical stimulation may be to directly 
induce a therapeutic response or to modulate lower urinary 
tract, bowel, or sexual dysfunction. 


Catheterization 


Catheterization is a technique for bladder emptying 
employing a catheter to drain the bladder or a urinary 
reservoir. 


Intermittent (In/Out) Catheterization 


Intermittent (in/out) catheterization is defined as drainage 
or aspiration of the bladder or a urinary reservoir with sub- 
sequent removal of the catheter. 
The following types of intermittent catheterization are 
defined: 
e Intermittent self-catheterization is performed by the 
patient himself or herself. 
© Intermittent catheterization is performed by an atten- 
dant (e.g., doctor, nurse, or relative). 
e Clean intermittent catheterization: use of a clean 
technique. 
This implies ordinary washing techniques and use of dis- 
posable or cleansed reusable catheters. 
Aseptic intermittent catheterization: use of a sterile 
technique. 
This implies general disinfection and the use of sterile 
catheters and instruments/gloves. 


Indwelling Catheterization 


Indwelling catheterization an indwelling catheter remains 
in the bladder, urinary reservoir, or urinary conduit for a 
period longer than one emptying. 


Bladder Reflex Triggering 


Bladder reflex triggering comprises various maneuvers per- 
formed by the patient or the therapist in order to elicit 
reflex detrusor contraction by exteroceptive stimuli. The 
most commonly used maneuvers are: suprapubic tapping, 
thigh scratching and anal/rectal manipulation. 


Bladder Expression 


Bladder expression comprises various maneuvers aimed at 
increasing intravesical pressure in order to facilitate bladder 
emptying. 

The most commonly used maneuvers are abdominal 
straining, Valsalva maneuver, and Credé maneuver. 


Acknowledgments 


The authors of this report are very grateful to Vicky Rees, 
Administrator of the ICS, for her typing and editing of 
numerous drafts of this document. 


Addendum 


Formation of the ICS Terminology Committee. 

The terminology committee was announced at the ICS 
meeting in Denver 1999 and expressions of interest were 
invited from those who wished to be active members of the 
committee and they were asked to comment in detail on the 
preliminary draft (the discussion paper published Neurou- 
rology and Urodynamics). The nine authors replied with a 
detailed critique by April 1, 2000, and constitute the com- 
mittee: Paul Abrams, Linda Cardozo, Magnus Fall, Derek 
Griffiths, Peter Rosier, ulf Ulmsten, Philip van Kerrebroeck, 
Arne Victor, and Alan Wein. 

We thank individuals who later offered their written 
comments: Jens Thorup Andersen, Walter Artibani, Jerry 
Blaivas, Linda Brubaker, Rick Bump, Emmanuel Chartier- 
Kastler, Grace Dorey, Clare Fowler, Kelm Hjalmas, Gordon 
Hosker, Vik Khullar, Guus Kramer, Gunnar Lose, Joseph 
Macaluso, Anders Mattiasson, Richard Millard, Rien Nij- 
man, Arwin Ridder, Werner Schafer, David Vodusek, and 
Jean Jacques Wyndaele. 

A half-day workshop was held at the ICS Annual Meeting 
in Tampere (August 2000) and a 2-day meeting in London, 
January 2001, which produced draft 5 of the report that was 
then placed on the ICS Website (www.icsoffice.org). Dis- 
cussions on draft 6 took place at the ICS meeting in Korea 
September 2001; draft 7 then remained on the ICS Website 


until final submission to journals in November 2001. 
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Classification 
System of Vaginal 
Prostheses and 
Graft Complications 
Recommended by 
the International 
Urogynecological 
Association (IUGA) 
and International 


Continence Society 
(ICS) 
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GW, Deprest J, Dwyer PL, Fatton B, Kocjancic E, Lee J, 
Maher C, Petri E, Rizk DE, Sand PK, Schaer GN, Webb BJ. 
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Grafts in Female Pelvic Floor Surgery. 


Table D.1 Terminology Involved in the Classification 


Terminology Used 


Prosthesis 
Mesh 
Implant 
Tape (sling) 

Graft 
Autologous graft 
Allograft 
Xenograft 

Complication 

Contraction 

Prominence 

Separation 

Exposure 


Extrusion 
Compromise 
Perforation 
Dehiscence 

Sinus Tract Formation 


Definition 


A fabricated substitute to assist a damaged body part or to augment or stabilize a hypoplastic structure 
A (prosthetic) network fabric or structure 

A surgically inserted or embedded prosthesis 

A flat strip of synthetic material 

Any tissue or organ for transplantation; referring to biological materials inserted 

From the woman’s own tissues (e.g., dura mater, rectus sheath or fascia lata) 

From postmortem tissue banks 

From other species (e.g., modified porcine dermis, porcine small intestine, bovine pericardium) 

A morbid process or event that occurs during the course of a surgery that is not an essential part of that surgery 
Shrinkage or reduction in size 

Parts that protrude beyond the surface (e.g., from wrinkling or folding with no epithelial separation) 
Physically disconnected (e.g., vaginal epithelium) 


A condition of displaying, revealing, exhibiting, or making accessible (e.g., vaginal mesh visualized through 
the separated vaginal epithelium) 


Passage gradually out of a body structure or tissue 
Bring into danger 

Abnormal opening into a hollow organ or viscus 

A bursting open or gaping along natural or sutured line 


(Localized) formation of a fistulous tract toward vagina or skin, where there is no visible implant material in 
the vaginal lumen or overlying skin. 
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Box D.1 Categories for Classification System 


Vaginal complication — No epithelial separation 
A. Asymptomatic 
a. No pain 
B. Symptomatic 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
C. Clinical infection 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
D. Abscess formation 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
Vaginal complication — Smaller exposure, 1 cm or less 
A. Asymptomatic 
a. No pain 
B. Symptomatic 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
C. Clinical infection 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
D. Abscess formation 
. No pain 
. Provoked pain only (e.g., during vaginal examination) 
. Pain during sexual intercourse 
. Pain during physical activities 
. Spontaneous pain 


aano 


Vaginal complication — Larger exposure or extrusion, more 
than 1 cm 
A. Asymptomatic 


a. No pain 
B. Symptomatic 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
C. Clinical infection 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 
D. Abscess formation 
a. No pain 
b. Provoked pain only (e.g., during vaginal examination) 
c. Pain during sexual intercourse 
d. Pain during physical activities 
e. Spontaneous pain 


Urinary tract compromise or perforation 

A. Small intraoperative defect 

B. Other lower urinary tract (bladder or urethral) complica- 
tion or compromise 

Rectal or bowel compromise or perforation 

A. Small intraoperative defect 

B. Rectal injury or compromise 

C. Small or large bowel injury or compromise 

D. Abscess formation from bowel injury/compromise 

Skin or musculoskeletal complication 

A. Asymptomatic 

B. Symptomatic 

C. Infection from skin or musculoskeletal complication 

D. Abscess formation from skin or musculoskeletal 
complication 

Patient compromise—including hematoma or systemic 

compromise 

A. Bleeding complication including hematoma 

B. Major degree of resuscitation or intensive care 

C. Mortality 


Table D.2 


IUGS-ICS Classification of Complications 
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General Description 


1 Vaginal: No epithelial separation 
Including prominence (e.g., due 

to wrinkling or folding), mesh 
fiber palpitation or contraction 
(shrinkage) 

2 Vaginal: smaller; <1 cm exposure 

3 Vaginal: larger; >1 cm exposure, 
or any extrusion 


4 Urinary Tract: Compromise or 
perforation 
Including prosthesis (graft) perfo- 
ration, fistula, and calculus 
5 Rectal or Bowel: Compromise or 
perforation 
Including prosthesis (graft) perfo- 
ration and fistula 
6 Skin and/or Musculoskeletal: 
Complications 
Including discharge, pain, lump, 
or sinus tract formation 
7 Patient: Compromise 
Including hematoma or systemic 
compromise 


T1: Intraoperative to 48 hours 


$1: Vaginal: Area of 


$2: Vaginal: Away from 


Category 


A (Asymptomatic) 


1A: Abnormal prosthesis or 
graft finding on clinical 
examination 


2A: Asymptomatic 
3A: Asymptomatic 


1-3Aa If no prosthesis or 
graft related pain 


4A: Small intraoperative 
defect, e.g., bladder 
perforation 


5A: Small intraoperative 
defect (rectal or bowel) 


6A: Asymptomatic, abnor- 
mal finding on clinical 
examination 


7A: Bleeding complication 
Including hematoma 


B (Symptomatic) 


1B: Symptomatic, e.g., 
unusual discomfort/ 
pain; dyspareunia (either 
partner); bleeding 


2B: Symptomatic 
3B: Symptomatic 


1-3B(b-e) If prosthesis or 
graft related pain 


3B: Other lower urinary 
tract complication or 
urinary retention 


5B: Rectal injury or com- 


promise 


6B: Symptomatic, e.g., 
discharge, pain, or lump 


7B: Major degree of resus- 
citation or intensive care? 


Time (Clinically diagnosed) 


T2: 48 hours to 2 months 


T3: 2 months to 12 months 


Site 


$3: Trocar passage 


$4: Other skin or muscu- 


C (Infection) D (Abscess) 

1C: Infection (sus- 1D: Abscess 
pected or actual) 

2C: Infection 2D: Abscess 

3C: Infection 3D: Abscess 


1-3C/1-3D(b-e) If prosthesis or graft 


related pain 


AC: Uretic or upper 
urinary tract com- 


plication 

5C: Small or large 5D: Abscess 
bowel injury or 
compromise 

6C: Infection, e.g., 6D: Abscess 


sinus tract forma- 
tion 


7C: Mortalityt 


T4: over 12 months 


S5: Intra-abdominal 


suture line area of suture line Exception: Intra- loskeletal site 
abdominal (S5) 
N.B. 1. Multiple complications may occur in the same patient. There may be early 


5 i 5 A 6 é S continence 
and late complications in the same patient, i.e., all complications to be 


listed. Tables of complications may often be procedure specific. 

2. The highest final category for any single complication should be used if 
there is a change over time. (Patient 888) 

3. Urinary tract infections and functional issues (apart from 4B) have 
not been included. 
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*A classification by category (C), time (T), and site (S) of complications directly related to the insertion of prostheses (meshes, implants, tapes) or 


grafts in female pelvic floor surgery. From IUGA-ICS Joint Report on the Terminology and Classification of Complications directly arising from 
insertion of Prostheses (meshes, implants, tapes) and Grafts in Female Pelvic Floor Surgery (2011). Int Urogynecol J (2011) 22:3015. 
Additional complication — no site applicable — SO 


the 


International Consultation on 
Incontinence Questionnaire-Short Form 
(ICIQ-SF) 

(From Avery K, Donovan J, Peters TJ, et al. ICIQ: a brief 


and robust measure for evaluating the symptoms and impact 
of urinary incontinence. Neurourol Urodyn. 2004;23:322.) 


Urogenital Distress Inventory-6 (UDI-6) 
and Incontinence Impact Questionnaire-7 
(I1Q-7) 


(From Ubersax JS, Wyman JF, Shumaker SA, et al. Short 
forms to assess life quality and symptom distress for urinary 
incontinence in women: the Incontinence Impact Ques- 
tionnaire and the Urogenital Distress Inventory. Neurourol 
Urodyn.1995;14:31.) 


Incontinence Quality of Life 
(I-QOL) Instrument 


(From Patrick DL, Martin ML, Bushnell DM, et al. Qual- 
ity of life of women with urinary incontinence: further 
development of the incontinence quality of life instrument 
[I-QOL]. Urology. 1999;53:71.) 
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Sample 
Questionnaires 
for Several 
Recommended 
Outcome 
Measures for 
Women with Pelvic 
Floor Disorders 


Pelvic Floor Distress Inventory-Short 
Form 20 


(From Barber MD, Bump RC, Walters MD. Short forms 
of two condition-specific quality of life questionnaires for 
women with pelvic floor disorders. Am J Obstet Gynecol. 
2005; 193:103.) 


Pelvic Floor Impact Questionnaire-Short 
Form 7 

(From Barber MD, Bump RC, Walters MD. Short forms 
of two condition-specific quality of life questionnaires for 


women with pelvic floor disorders. Am J Obstet Gynecol. 
2005;193:103.) 


Pelvic Organ Prolapse/Urinary 
Incontinence Sexual Function 
Questionnaire (PISQ-12) 

(From Rogers RG, Coates KW, Kammerer-Doak D, et al. 
A short form of the pelvic organ prolapse/urinary inconti- 


nence sexual questionnaire [PISQ-12]. Int Urogynecol J. 
2003;14:164.) 
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International Consultation on Incontinence Questionnaire-Short Form 


Many people leak urine some of the time. We are trying to find out how many people leak urine, and how much this 
bothers them. We would be grateful if you could answer the following questions, thinking about how you have been, 
on average, over the past four weeks. 


1. Please write in your date of birth: 


DAY MONTH YEAR 


2. Are you (tick one): Female Male 


3. How often do you leak urine? (Tick one box) 


never 


about once a week or less often 


two or three times a week 


about once a day 


several times a day 


all the time 


We would like to know how much urine you think leaks. How much 
urine do you usually leak (whether you wear protection or not)? 
(Tick one box) 


none 


a small amount 


a moderate amount 


a large amount 


Overall, how much does leaking urine interfere with your everyday life? 
Please ring a number between 0 (not at all) and 10 (a great deal) 


Notatall A great deal 
0 10 


When does urine leak? (Please tick all that apply to you) 


never—urine does not leak 


leaks before you can get to the toilet 


leaks when you cough or sneeze 


leaks when you are asleep 


leaks when you are physically active/exercising 


leaks when you have finished urinating and are dressed 


leaks for no obvious reason 


leaks all the time 


Thank you very much for answering these questions. 


Copyright © “ICIQ Group” 
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Urogenital Distress Inventory-6 


Do you experience, and, if so, how much are you bothered by frequent urination? 

Do you experience, and, if so, how much are you bothered by urine leakage related to a feeling of urgency? 

Do you experience, and, if so, how much are you bothered by urine leakage related to physical activity, coughing, 
or sneezing? 

Do you experience, and, if so, how much are you bothered by small amounts of urine leakage (drops)? 

Do you experience, and, if so, how much are you bothered by difficulty emptying your bladder? 

Do you experience, and, if so, how much are you bothered by pain or discomfort in the lower abdominal 
or genital area? 


Response levels for all items are: (0) not at all; (1) slightly; (2) moderately; (3) greatly. 


Incontinence Impact Questionnaire-7 


Has urine leakage and/or prolapse affected your: 


On Co) IN 


Ability to do household chores (cooking, housecleaning, laundry)? 
Physical recreation such as walking, swimming, or other exercise? 
Entertainment activities (movies, concerts, etc.)? 

Ability to travel by car or bus more than 30 min from your home? 
Participation in social activities outside your home? 

Emotional health (nervousness, depression, etc.)? 

Feeling frustrated? 


Response levels for all items are: (0) not at all; (1) slightly; (2) moderately; (3) greatly. 


Scoring 


For both the UDI-6 and IIQ-7, obtain the mean value of all answered items (possible value 0-3) then multiply by 33% to 
obtain the scale score (range 0-100). 
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I-QOL Instrument 


| worry about not being able to get to the toilet on time. 

| worry about coughing or sneezing because of my urinary problems or incontinence. 

| have to be careful standing up after | have been sitting down because of my urinary problems or incontinence. 
| worry about where toilets are in new places. 

| feel depressed because of my urinary problems or incontinence. 

Because of my urinary problems or incontinence, | do not feel free to leave my home for long periods of time. 
| feel frustrated because my urinary problems or incontinence prevents me form doing what | want. 
| worry about others smelling urine on me. 

Incontinence is always on my mind. 

It is important for me to make frequent trips to the toilet. 

Because of my urinary problems or incontinence, it is important to plan every detail in advance. 

| worry about my urinary problems or incontinence getting worse as | grow older. 

| have a hard time getting a good night of sleep because of my urinary problems or incontinence. 

| worry about being embarrassed or humiliated because of my urinary problems or incontinence. 
My urinary problems or incontinence make me feel like | am not a healthy person. 

My urinary problems or incontinence makes me feel helpless. 

| get less enjoyment out of life because of my urinary problems or incontinence. 

| worry about wetting myself. 

| feel like | have no control over my bladder. 

| have to watch what or how much | drink because of my urinary problems or incontinence. 

My urinary problems or incontinence limit my choice of clothing. 

| worry about having sex because of my urinary problems or incontinence. 
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All items use the following response scale 


1 = Extremely 


2 = Quite a bit 
3 = Moderately 
4 = A little 

5 = Not at all 


Subscale structure 


Avoidance and limiting behavior: items 1, 2, 3, 4, 10, 11, 13, and 20. 
Psychosocial impacts: items 5, 6, 7, 9, 15, 16, 17, and 21. 
Social embarrassment: items 8, 12, 14, 18, and 19. 
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Pelvic Floor Distress Inventory-Short Form 20 


INSTRUCTIONS 


Please answer all of the questions in the following survey. These questions will 
ask you if you have certain bowel, bladder or pelvic symptoms and if you do how 
much they bother you. Answer these questions by putting an X in the appropri- 
ate box or boxes. If you are unsure about how to answer a question, give the best 
answer you can. While answering these questions, please consider your symptoms 
over the last 3 months. 


EXAMPLE 
For the following question: 


If you do not usually have headaches just put an X in the “No” box 


Do you usually experience headaches? 


No; UYes If yes, how much does this bother you? 


Ol U2 O3 ü 4 
Not at All Somewhat Moderately Quite a bit 


If you do usually have headaches, put an X in the “Yes” box and indicate how 


much the headaches bother you. (In this example, the headaches were moderately 
bothersome) 


Do you usually experience headaches? 
O No; Yes If yes, how much does this bother you? 
Ol O2 3 ü 4 


Not at All Somewhat Moderately Quite a bit 
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Name: Date: / / 


1. Do you usually experience pressure in the lower abdomen? 


QONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 n4 
Not at All Somewhat Moderately Quite a bit 


2. Do you usually experience heaviness or dullness in the pelvic area? 


üNo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 ü 4 
Not at All Somewhat Moderately Quite a bit 


3. Do you usually have a bulge or something falling out that you can see or feel in the vaginal area? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 ü 4 
Not at All Somewhat Moderately Quite a bit 


4. Do you usually have to push on the vagina or around the rectum to have or complete a bowel 


movement? 
ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 4 
Not at All Somewhat Moderately Quite a bit 


5. Do you usually experience a feeling of incomplete bladder emptying? 


ūNo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 04 


Not at All Somewhat Moderately Quite a bit 
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Do you ever have to push up on a bulge in the vaginal area with your fingers to start or 
complete urination? 


QNo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


Do you feel you need to strain too hard to have a bowel movement? 


QNo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


Do you feel you have not completely emptied your bowels at the end of a bowel movement? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


Do you usually lose stool beyond your control if your stool is well formed? 


QONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 ü 4 


Not at All Somewhat Moderately Quite a bit 


10. 


Do you usually lose stool beyond your control if your stool is loose or liquid? 


QONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 


Not at All Somewhat Moderately Quite a bit 
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11. Do you usually lose gas from the rectum beyond your control? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


12. Do you usually have pain when you pass your stool? 


QONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 
13. Do you experience a strong sense of urgency and have to rush to the bathroom to have a bowel 
movement? 
ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


14. Does a part of your bowel ever pass through the rectum and bulge outside during or after a 
bowel movement? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol Q2 O3 4 
Not at All Somewhat Moderately Quite a bit 


15. Do you usually experience frequent urination? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All 


Somewhat Moderately Quite a bit 


16. Do you usually experience urine leakage associated with a feeling of urgency; that is, a strong 


17, 


18. 


19. 


20. 
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sensation of needing to go to the bathroom? 


ūNo; OYes If yes, how much does this bother you? 
0 
Ol Q2 O3 n4 
Not at All Somewhat Moderately Quite a bit 


Do you usually experience urine leakage related to coughing, sneezing, or laughing? 


ūNo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


Do you usually experience small amounts of urine leakage (that is, drops)? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol Q2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


Do you usually experience difficulty emptying your bladder? 


QONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 4 
Not at All Somewhat Moderately Quite a bit 


Do you usually experience pain or discomfort in the lower abdomen or genital region? 


ONo; OYes If yes, how much does this bother you? 
0 
Ol O2 O3 O14 
Not at All Somewhat Moderately Quite a bit 


Thank you for taking the time to complete this questionnaire 
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Pelvic Floor Impact Questionnaire-Short Form 7 


INSTRUCTIONS 


Some women find that bladder, bowel or vaginal symptoms affect their activities, relationships, and feelings. For 
each question, place an X in the response that best describes how much your activities, relationships, or feelings 
have been affected by your bladder, bowel or vaginal symptoms or conditions over the last 3 months. You may or 
may not have symptoms in each of these three areas, but please be sure to mark an answer in all three columns 
for each question. If do not have symptoms in one of these areas, then the appropriate answer would be “Not at 
all” in the corresponding column for each question. 


OL? 


Jd XIGNdddV 


EXAMPLE 


For the following question: 


If your bladder symptoms interfere with your ability to drive a car moderately, and your bowel symptoms 
interfere with your ability to drive a car somewhat, but your vaginal or pelvic symptoms do not interfere 
with your ability to drive a car or you have no vaginal or pelvic symptoms then you should place an X in the 
corresponding boxes as indicated below: 


How Do Symptoms or Conditions Related to the Following >>> Bladder or Urine Bowel or Rectum Vagina or Pelvis 

Usually Affect Your | 

1. Ability to drive a car Q) Not at all Q) Not at all Not at all 
Q Somewhat Somewhat Q Somewhat 
Moderately O Moderately O Moderately 
O Quite a bit Q Quite a bit O Quite a bit 


Please make sure to answer all three columns for each and every question. 


Thank you for your cooperation. 


Pelvic Floor Impact Questionnaire-Short Form 7 


Instructions: Some women find that bladder, bowel or vaginal symptoms affect their activities, relationships, and 


feelings. For each question, place an X in the response that best describes how much your activities, relationships, 


or feelings have been affected by your bladder, bowel or vaginal symptoms or conditions over the last 3 months. 
Please be sure to mark an answer in all three columns for each question. Thank you for your cooperation. 


Q Moderately 
O Quite a bit 


U Moderately 
O Quite a bit 


How Do Symptoms or Conditions Related to the Following —=————> Bladder or Urine Bowel or Rectum Vagina or Pelvis 
Usually Affect Your | 
1. Ability to do household chores (cooking, housecleaning, laundry)? Ü Not at all Ü Not at all Not at all 

Q Somewhat Somewhat Somewhat 


Moderately 
Quite a bit 


2. Ability to do physical activities such as walking, swimming, or other exercise? 


LC) Not at all 

CL) Somewhat 
O Moderately 
U Quite a bit 


U Not at all 

CL) Somewhat 
CL) Moderately 
O Quite a bit 


Not at all 
Somewhat 
Moderately 
Quite a bit 


3. Entertainment activities such as going to a movie or concert? 


U Not at all 

CL) Somewhat 
O Moderately 
O Quite a bit 


U Not at all 
O Somewhat 
U Moderately 
U Quite a bit 


Not at all 
Somewhat 
Moderately 
Quite a bit 


4. Ability to travel by car or bus for a distance greater than 30 min away from home? 


U Not at all 

CL) Somewhat 
O Moderately 
U Quite a bit 


U Not at all 

CL) Somewhat 
U Moderately 
U Quite a bit 


Not at all 
Somewhat 
Moderately 
Quite a bit 


5. Participating in social activities outside your home? 


LC) Not at all 

CL) Somewhat 
O Moderately 
O Quite a bit 


U Not at all 
Somewhat 
U Moderately 
O Quite a bit 


Not at all 
Somewhat 
Moderately 
Quite a bit 


6. Emotional Health (nervousness, depression, etc.)? 


U Not at all 

CL) Somewhat 
O Moderately 
O Quite a bit 


C) Not at all 

CL) Somewhat 
U Moderately 
U Quite a bit 


Not at all 
Somewhat 
Moderately 
Quite a bit 


7. Feeling Frustrated? 


U Not at all 

CL) Somewhat 
O Moderately 
U Quite a bit 


U Not at all 
O Somewhat 
U Moderately 
U Quite a bit 


Not at all 
Somewhat 
Moderately 
U Quite a bit 


OOO | 000D OCOD | OOOO | OOOO | OOOO | OOOO 


Jd XIGNdddV 
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Pelvic Organ Prolapse/Urinary Incontinence 
Sexual Function Questionnaire 


Instructions: Following is a list of questions about you and your partner’s sex life. 
All information is strictly confidential. Your confidential answers will be used only 
to help doctors understand what is important to patients about their sex lives. 
Please circle the item that best answers the question for you. While answering the 
questions, consider your sexuality over the past 6 months. Thank you for your help. 
1. How frequently do you feel sexual desire? This feeling may include wanting to have sex, planning to have sex, feeling 


frustrated due to lack of sex, etc. 


Always(0) Usually(1) Sometimes(2) Seldom(3) Never(4) 


2. Do you climax (have an orgasm) when having sexual intercourse with your partner? 


Always(0) Usually(1) Sometimes (2) Seldom(3) Never(4) 


3. Do you feel sexual excited (turned on) when having sexual activity with your partner? 


Always(0) Usually (1) Sometimes (2) Seldom(3) Never(4) 


4. How satisfied are you with the variety of sexual activities in your current sex life? 


Always(0) Usually(1) Sometimes (2) Seldom(3) Never (4) 


5. Do you feel pain during sexual intercourse? 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


6. Are you incontinent of urine (leak urine) with sexual activity? 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


7. Does fear of incontinence (either stool or urine) restrict your sexual activity? 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


8. Do you avoid sexual intercourse because of bulging in vagina (either the bladder, rectum, or vagina falling out?) 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


9. When you have sex with your partner, do you have negative emotional reactions such as fear, disgust, shame, or guilt? 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


10. Does your partner have a problem with erections that affects your sexual activity? 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


11. Does your partner have a problem with premature ejaculation that affects your sexual activity? 


Always(4) Usually(3) Sometimes (2) Seldom(1) Never(0) 


12. Compared to orgasms you have had in the past, how intense are the orgasms you have had in the past 6 months? 
Much less intense(4) Less intense(3) Same intensity(2) More intense(1) Much more intense(0) 


